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REGULATORY SEQUENCES CAPABLE OF CONFERRING EXPRESSION OF A 
HETEROLOGOUS DNA SEQUENCE IN ENDOTHELIAL CELLS IN VIVO AND 
USES THEREOF 



The present invention relates to recombinant DNA molecules comprising the 
regulatory sequence(s) of an intron of the Vascular Endothelial Growth Factor 
(VEGF) receptor-2 gene (Flk-1) or of a gene homologous to the Flk-1 gene, being 
capable of conferring expression of a heterologous DNA sequence in endothelial 
cells in vivo. The present invention also relates to vectors comprising said 
recombinant DNA molecules as well as to host cells transformed with such 
recombinant DNA molecules or vectors. The present invention additionally relates to 
pharmaceutical and diagnostic compositions comprising such recombinant DNA 
molecules, vectors or cells. Furthermore, the present invention relates to cells and 
transgenic non-human animals, comprising the aforementioned recombinant DNA 
molecules or vectors stably integrated into their genome and their use for the 
identification of substances capable of suppressing or activating transcription of a 
gene in endothelial cells. The present invention also relates to the use of the before 
described recombinant DNA molecules and vectors for the preparation of 
pharmaceutical compositions for treating, preventing, and/or delaying a vascular or 
tumorous disease in a subject. Furthermore, the recombinant DNA molecules and 
vectors of the invention can be used for the preparation of pharmaceutical 
compositions for inducing a vascular or tumorous disease in a non-human animal. 

In the field of neuroscience and medical therapy, there is a great demand for test 
systems to study the function and interaction of gene products, the malfunction or 
expression of which cause vascular and/or tumorous diseases. Such systems would 
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also be suitable for drug development against such diseases. A prominent example 
for gene products involved in vascular diseases are angiogenic growth factors and 
their endothelial receptors which play a major role in the formation of the embryonic 
vascular system and in certain angiogenesis-dependent diseases, such as solid 
tumor growth or retinopathy. The Kinase-insert Domain-containing Receptor/fetal 
liver kinase-1 (KDR/Flk-1 ) in the following referred to as Flk-1 and Flt-1 are high 
affinity signaling receptors for the endothelial mitogen, vascular endothelial growth 
factor (VEGF) (Connolly, J. Clin. Invest. 84 (1989), 1470-1478; Leung, Science 246 
(1989), 1306-1309). Through interactions with its receptors, VEGF plays critical roles 
in growth and maintenance of vascular endothelial cells and in the development of 
new blood vessels in physiologic and pathologic states (Aiello, New Engl. J. Med. 
331 (1994), 1480-1487; Shweiki, Nature 359 (1992), 843-845; Berkman, J. Clin. 
Invest. 91 (1993), 153-159). The patterns of embryonic expression of VEGF suggest 
that it is crucial for differentiation of endothelial cells from hemangioblasts and for 
development of blood vessels at all stages of growth (Jakeman. Endocrinology 133 
(1993), 848-859; Breier, Development 114 (1992), 521-532). Among many 
potentially angiogenic factors, VEGF is the only one with patterns of expression, 
secretion, and activity that suggest a specific angiogenic function in normal 
development (Klagsbrun, Current Biology 3 (1993), 699-702). 
High-affinity receptors for VEGF are found only on endothelial cells, and VEGF 
binding has been demonstrated on macro- and microvascular endothelial cells and 
in quiescent and proliferating endothelial cells (Jakeman, Endocrinology 133 (1993). 
848-859; Jakeman, Clin. Invest. 89 (1992), 244-253). The Flk-1 and Flt-1 have been 
identified as candidate VEGF receptors by affinity cross-linking and competition- 
binding assays (de Vries. Science 255 (1992), 989-991; Millauer, Cell 72 (1993), 
835-846; Terman, Biochem. Biophys. Res. Commun. 187 (1992), 1579-1586). 
These two receptor tyrosine kinases contain seven similar extracellular 
immunoglobulin domains and a conserved intracellular tyrosine kinase domain 
interrupted by a kinase insert (de Vries, Science 255 (1992), 989-991; Matthews, 
Proc. Natl. Acad. Sci. U.S.A 88 (1991), 9026-9030; Terman, Oncogene 6 (1991), 
1677-1683); they are expressed specifically by endothelial cells in vivo (Millauer, 
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Cell 72 (1993), 835-846; Peters, Proc. Natl. Acad. Sci. USA 90 (1993). 7533-7537- 
Yamaguchi, Development 118 (1993), 489-498). In situ hybridization in the 
developing mouse has demonstrated that Flk-1 is expressed in endothelial cells at 
all stages of development, as well as in the blood island in which endothelial cell 
precursors first appear (Millauer, Cell 72 (1993), 835-846). Flk-1 is a marker for 
endothelial cell precursors at their earliest stages of development (Yamaguchi. 
Development 118 (1993), 489-498). 

The vascular endothelium is critical for physiologic responses including thrombosis 
and thrombolysis, lymphocyte and macrophage homing, modulation of the immune 
response, and regulation of vascular tone. The endothelium is also intimately 
involved in the pathogenesis of vascular diseases such as atherosclerosis (Ross 
Nature 362 (1993). 801-809). Although a number of genes expressed in the 
endothelium have been characterized (Collins, J. Biol. Chem. 266 (1991), 2466- 
2473; lademarco, J. Biol. Chem. 267 (1992), 16323-16329; Jahroudi, Mol Cell Biol 
14 (1994), 999-1008; Lee, J. Biol. Chem. 265 (1990), 10446-10450), expression of 
these genes is either not limited to vascular endothelium (e.g., the genes encoding 
von Willebrand factor, endothelin-1 . vascular cell adhesion molecule-1), or is 
restricted to specific subpopulations of endothelial cells (e.g., the gene for 
endothelial-leukocyte adhesion molecule-1). Flk-1 (also known as VEGF-receptor 2) 
is expressed in endothelial cells during embryonic and postnatal development. The 
Flk-1 receptor is the first endothelial receptor to be expressed in endothelial cell 
precursors during embryonic vascular development. Gene targeting experiments in 
transgenic mice have demonstrated that this receptor is essential for endothelial cell 
drfferentiation (Shalaby, Nature 376 (1995), 62-66). Furthermore, in a variety of 
tumors. Flk-1 receptor expression is re-induced in the tumor vasculature, and it has 
been shown that signaling via the Flk-1 receptor is required for tumor vascularization 
and growth (Millauer, Nature 367 (1994), 576-579). 

Recently, in vitro studies with the upstream region of the human F.k-1 gene 
(Patterson, J. Biol. Chem. (1995), 23111-23118) showed that DNA fragments 
located in the 5' flanking region of the human Flk-1 gene mediate expression of a 
reporter gene. 
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For studying all aspects of genes involved in vascular diseases such as 
atherosclerosis, however, the system described by Patterson, supra, suffers from 
several drawbacks. For example, promoter activity of the 5'-flanking region used by 
Patterson was also observed in cell types which do not express the Flk-1 gene 
naturally. Furthermore, the promoter fragment employed in Patterson, supra, was 
not shown to be expressed in vivo in its natural background. In order to specifically 
suppress or confer endothelium specific gene expression and for the development of 
endothelium specific drugs, however, one needs test systems which closely 
resemble the regulation of the Flk-1 expression in vivo since otherwise non- 
informative or even false positive results may be obtained. 

Thus, the technical problem of the present invention is to provide means and 
methods that allow the modulation of gene expression specifically in endothelial cells 
in vivo, preferably at all stages of development. 

The solution to this technical problem is achieved by providing the embodiments 
characterized in the claims. 

Accordingly, the invention relates to a recombinant DNA molecule comprising: 

(a) a first regulatory sequence of an intron of the Vascular Endothelial Growth 
factor (VEGF) receptor-2 (Flk-1) gene or of a gene homologous to the Flk-1 
gene being capable of conferring expression in endothelial cells in vivo; and 

(b) operatively linked thereto a heterologous DNA sequence. 

In accordance with the present invention, a regulatory sequence driving the 
expression of a heterologous DNA sequence in substantially all endothelial cells in 
v.vo, preferably at substantially all stages of development has been identified. Said 
regulatory sequence is suitable to direct the expression of a heterologous DNA 
sequence in the above-mentioned cells. The recombinant DNA molecule of the 
mvention allows studying the function and interaction of proteins which are 
expressed in the endothelium of, for example, humans and the malfunction, and/or 
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unregulated expression of which is supposed to be the or a causative agent of 
vascular and tumorous diseases. Thus, the regulatory sequences of the invention 
are particularly suited and useful for the engineering of transgenic cells and non- 
human animals which can serve as a test system for the development of drugs for 
the treatment of vascular and tumorous diseases of endothelial origin. 

In the context of the present invention the term "a first regulatory sequence of an 
intron of the Flk-1 gene" means a nucleotide sequence of the first intron of the 
murine Flk-1 gene including the regulatory sequences which are capable of 
conferring the specific expression of a heterologous DNA sequence in endothelial 
cells, preferably at all stages of development. 

The high affinity receptor for vascular endothelial growth factor (VEGF), Flk-1, is the 
first endothelial receptor to be expressed in angioblast precursors, and its function is 
essential for the differentiation of the hemangioblastic lineage. In accordance with 
the present invention cis-acting regulatory elements of the murine Flk-1 gene have 
been identified that mediate endothelial specific expression of a reporter gene in 
transgenic mice. Sequences within the 5'-flanking region of the Flk-1 gene, in 
combination with sequences located in the first intron, specifically and reproducibly 
targeted transgene expression to endothelial cells of the embryonic vasculature. 
These sequences were capable of targeting expression of the heterologous DNA 
sequence to angioblasts during early stages of vascular development and also to 
the vasculature of postnatal mice. The regulatory sequences located in the first 
intron also functioned as an autonomous endothelium-specific enhancer when fused 
to the heterologous herpes simplex virus-thymidine kinase promoter. This Flk-1 
intron enhancer contains several potential binding sites for transcription factors of 
the Ets and GATA families. Sequences of the Flk-1 promoter contributed to a strong, 
complete and reproducible endothelial cell-specific gene expression in the embryo 
and are essential for expression in the yolk sac. 

In order to characterize cis-acting regulatory sequences contained in the Flk-1 gene, 
recombinant bacteriophage lambda clones containing mouse genomic DNA (Mouse 
strain 129/Sv) have been isolated encompassing a 21 kilo base pair (kb) region of 
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the mouse Flk-1 gene, contained in the DNA insertions of k phages 6 and 16, 
including approximately 15 kb of 5" flanking sequences, exons 1, 2 and 3 and 
introns 1 and 2 (Fig. 4A). The DNA sequence of a 12.8 kb region spanning from 
position -6.65 kb (the affixes - and + refer to the nucleotide position relative to the 
transcriptional start site as shown in Fig. 1 which corresponds to nucleotide position 
6661 of SEQ ID NO: 1) to position +6.15 (located in the third exon) was determined 
(SEQ ID NO: 1). Reporter gene studies were performed in order to characterize 
regulatory cis-acting elements of the Flk-1 gene. Initial studies focused on the role of 
5' flanking sequences of the Flk-1 gene ("Flk-1 promoter) in mediating endothelium- 
specific expression in cultured bovine aortic endothelial (BAE) cells (Ronicke 
Circulation Research 79 (1996), 277-285). In these studies, it was found that a 
promoter fragment ranging from -624 to +299 mediated high expression of the 
luciferase reporter gene following transient transfection in BAE cells. Experiments 
with transgenic mouse embryos performed in accordance with the present invention 
revealed, however, that the murine promoter DNA fragments were not sufficient to 
mediate endothelium-specific reporter gene expression in vivo. Surprisingly, 
however, when a Flk-1 promoter fragment (ranging from, e.g., -624 to +299 bp) was 
combined with a 2.3 kb fragment of the first Flk-1 intron, endothelium specific 
expression of a lacZ reporter gene in mouse embryos was obtained. Thus, the first 
intron (nucleotides 7027 to 10642 of SEQ ID NO: 1) of the mouse Flk-1 gene is 
essential for endothelium specific gene expression. In particular, a DNA fragment 
(see Figure 12) comprising nucleotides 10094 to 10608 of SEQ ID NO: 1 was shown 
in accordance with the present invention to be sufficient to direct the expression of a 
heterologous DNA sequence into endothelial cells; see Example 8. This is a novel 
finding because the sequences described in previous publications (Patterson, supra- 
Ronicke, supra) are, in contrast to the expectations and interpretations of the prior 
art, not sufficient to mediate endothelium-specific expression in vivo. These results 
obtained in accordance with_the present invention demonstrate that the regulatory 
sequences located in the intron of the F.k-1 gene mediating endothelium-specific 
expression can be used to direct expression of heterologous genes in the 
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The genomic DNA of the murine Flk-1 gene comprising the intron regulatory 
sequences can be obtained from liver of mouse strain 129/SV, or, for example, by 
screening a phage library of liver genomic DNA in the vector XFixll (Stratagene, La 
Jolla, CA) generated by conventional methods known in the art. 

The term "regulatory sequence of a gene homologous to the Flk-1 gene" also 
includes promoter regions and regulatory sequences of a gene from another 
species, for example, humans and other mammals which is homologous to the Flk-1 
gene of mouse and which confers the same or substantially the same expression 
pattern. Such regulatory sequences are characterized by their capability of 
conferring expression of a heterologous DNA sequence specifically in endothelial 
cells in vivo, preferably at all stages of development. Thus, according to the present 
invention, regulatory sequences from other species can be used that are functionally 
homologous to the regulatory sequences of the intron of the Flk-1 gene from mouse, 
or regulatory sequences of genes that display a substantially identical pattern of 
expression, in the sense of being expressed in the endothelium, preferably at all 
stages of development. 

It is possible for the person skilled in the art to isolate by employing the known Flk-1 
gene from mouse, corresponding genes from other species, for example, humans 
and other mammals. This can be done by conventional techniques known in the art, 
for example, by using Flk-1 gene sequences as a hybridization probe or by 
designing appropriate PCR primers. It is then possible to isolate the corresponding 
regulatory sequences by conventional techniques and test them for their expression 
pattern. For this purpose, it is, for instance, possible to fuse the regulatory 
sequences to a reporter gene, such as the luciferase or green fluorescent protein 
(GFP) encoding genes and assess the expression of the reporter gene in transgenic 
animals, for example in mice. The partial nucleotide sequence of the human Flk-1 
gene may be obtained from Genbank Acc. No. X89776; Patterson, supra; Terman, 
Biochem. Biophys. Res. Comm. 187 (1992), 1579-1586; Genbank Acc. No. X61656. 
The present invention also relates to recombinant DNA molecules comprising 
regulatory sequences which are substantially identical to that of the Flk-1 intron or to 
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an intron of a homologous gene or to fragments thereof and which are able to confer 
specific expression in endothelial cells, preferably at all stages of development in 
mouse or other mammals. 

Such regulatory sequences differ at one or more positions from the above- 
mentioned regulatory sequences but still have the same specificity, namely they 
comprise the same or similar sequence motifs responsible for the above described 
expression pattern. Preferably such regulatory sequences hybridize to one of the 
above-mentioned regulatory sequences, most preferably under stringent conditions. 
Particularly preferred are regulatory sequences which share at least 85%, more 
preferably 90-95%. and most preferably 96-99% sequence identity with one' of the 
above-mentioned regulatory sequences and have the same specificity. Such 
regulatory sequences also comprise those which are analogues or derivatives, for 
example by way of nucleotide deletion(s), insertion(s), substitution(s), addition(s). 
and/or recombination(s) and/or any other modification(s) known in the art either 
alone or in combination in comparison to the above-described nucleotide sequence. 
Methods for introducing such modifications in the nucleotide sequence of the 
regulatory sequences of the invention are well known to the person skilled in the art 
and described, for example, in Sambrook (Molecular cloning; A Laboratory Manual, 
Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor NY 
(1989)). All such fragments, analogues and derivatives of the regulatory sequence of 
the invention are included within the scope of the present invention, as long as the 
essential characteristic regulatory properties as defined above remain unaffected in 
kind. It is also immediately evident to the person skilled in the art that further 
regulatory sequences may be added to the regulatory sequences of the invention. 
For example promoters, transcriptional enhancers and/or sequences which allow for 
induced expression of the regulatory sequences of the invention may be employed 
A suitable inducible system is for example tetracycline-regulated gene expression 
which is described by. e.g.. Gossen (Proc. Natl. Acad. Sci. USA 89 (1992). 5547- 
5551 ; Trends Biotech. 12 (1994), 58-62). 

The expression conferred by the regulatory sequences of the invention may not be 
exclusively limited to the above-described specificity but may also occur in. e.g., 



WO 98/55638 „ 

PCT/EP98/03318 



neuronal cells, including neural retinal progenitor cells at all or different stages of 
development and haematopoietic cells (Yang, J. Neurosci. 16 (1996), 6089-6099). 

The term "further regulatory sequences" refers to sequences which influence the 
specificity and/or level of expression, for example in the sense that they confer cell 
and/or tissue specificity or developmental^ and/or inducible regulated gene 
expression. Such regions can be located upstream of or comprising the transcription 
initiation site, such as a promoter, but can also be located downstream of it, e.g., in 
transcribed but not translated leader sequences. 

The term "promoter" refers to the nucleotide sequences necessary for transcription 
initiation, i.e. RNA polymerase binding, and also includes, for example, the TATA 
box. 

The term "in vivo" for the purpose of the present invention is used for cells in an 
organism as opposed to cells growing in culture (in vitro). 

The term "heterologous" with respect to the DNA sequence being operatively linked 
to the promoter of the invention means that said DNA sequence is not naturally 
linked to the regulatory sequences comprised in the recombinant DNA molecule of 
the invention. 

In a preferred embodiment said first regulatory sequence of the invention comprises 
a GATA-binding site, an AP-1 binding site, an SP1 binding site, site, an NFkB 
binding site, a STAT binding site, a Scl/Tal-1 binding site, an Ets-1 binding site, a 
PEA3 consensus sequence or any combination(s) thereof. A functional analysis of 
the first 6.5 kbp of the transcribed region of the murine Flk-1 genes lead to the 
identification of a endothelial-specific positive regulatory element. This regulatory 
sequence is located in the region between the Xhol and BamHI restriction site in the 
first intron of the Flk-1 gene (cf. Fig. 4A). It is functional in both orientations since the 
intron enhancer was used in an antiparallel manner with respect to the Flk-1 
promoter fragment in the construct referred to as 3'-ln 1; see Example 2 
hereinbelow. A sequence analysis of the intron lead to the identification of two 
potential GATA binding sites (+1927 Bp, +3514 Bp); a potential AP-1 binding site 
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(+2210 Bp) and two PEA3 consensus sequences (+3494 Bp, +3741 Bp); see Fig. 1. 
As demonstrated in Example 8, the intron sequences that were sufficient for 
endothelium-specific expression were contained in a 510 bp fragment (nucleotides 
10094 to 10608 of SEQ ID NO: 1). Several potential binding sites for known 
transcription factors could be identified therein (see Figure 12), including consensus 
binding sites for c-ets1. PEA3 (an Ets-like transcription factor), GATA transcription 
factors, and Scl/Tal-1. The c-ets1 transcription factor was proposed to be involved in 
the early differentiation of endothelial cells from their precursors (Pardanaut Cell 
Adhesion and Communication 1 (1993), 151-160). In addition, c-ets1 is expressed in 
endothelial cells during tumor vascularization and other forms of angiogenesis in 
humans (Wernert, Am. J. Pathol. 140 (1992), 119-127). Proteins of the Ets family 
can activate transcription through a PEA3 motif (Wernert, 1992). Transcription 
factors of the GATA family are involved in the transcription of genes that are 
expressed in the hematopoietic and endothelial lineages, such as von Willebrand 
factor (Jahroudi, Mol. Cell. Biol. 14 (1994), 999-1008). Unlike the hematopoietic- 
transcription factor GATA-1, GATA-2 is expressed in both the endothelial and 
hematopoietic lineages (Elefanty, Blood 90 (1997), 1435-1447). Scl/Tal-1 has 
recently been implicated in the regulation of Flk-1 expression in Zebrafish (Liao, 
Genes Dev. 12 (1998), 621-626). The presence of two potential Scl/Tal-1 binding 
sites in the murine Flk-1 intron enhancer suggests that Scl/Tal-1 might regulate Flk-1 
expression in mice. However, no direct effect of Scl/Tal-1 on Flk-1 expression has 
been observed so far in mice, although Scl-null mice have vascular defects 
(Visvader, Genes Dev. 12 (1998), 473-479). Knock out experiments performed with 
the above-described regulatory sequences will easily reveal which of these elements 
present in, e.g., the 510 bp fragment (nucleotides 10094 to 10608 of SEQ ID NO: 1) 
are involved in the control of the regulatory sequence and the sequential order of 
these elements necessary to confer endothelium specific gene expression. Of 
course, the regulatory sequences obtained from such studies are also within the 
scope of the present invention. 



Preferably, said first regulatory sequence is selected from the group consisting of 
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(a) DNA sequences comprising a nucleotide sequence as given in SEQ ID NO: 1 ; 

(b) DNA sequences comprising a nucleotide sequence of SEQ ID NO: 1 from 
nucleotide 8260 to nucleotide 10560, from nucleotide 8336 to nucleotide 10608 
and/or from nucleotide 10094 to nucleotide 10608; 

(c) DNA sequences comprising the nucleotide sequence of the human Flk-1- 
intron; 

(d) DNA sequences comprising a nucleotide sequence which hybridizes with a 
nucleotide sequence of (a), (b) or (c) under stringent conditions: 

(e) DNA sequences comprising a nucleotide sequence which is conserved in the 
nucleotide sequences of (a), (b) and (c); and 

(f) DNA sequences comprising a fragment, analogue or derivative of a nucleotide 
sequence of any one of (a) to (e) capable of conferring expression in 
endothelial cells. 

In a particularly preferred embodiment of the present invention, the regulatory 
sequences comprise the nucleotides 8260 to 10560, 8336 to 10608 (comprising the 
BamHI/Xhol fragment of the first intron (+1677 bp/+3947); see Figure 4 and 
Examples 1 to 10), most preferably nucleotides 8560 to 10400 and still more 
preferably nucleotides 10094 to 10608 (comprising the Swal/BamHI fragment 
(+3437 bp/3947 bp); see Example 8) of the nucleotide sequence as set forth in SEQ 
ID No. 1 or a fragment thereof, which still confers expression in endothelial cells, 
preferably at all stages of development. 

In a further preferred embodiment of the invention the heterologous DNA sequence 
of the recombinant DNA molecules described above is operatively linked to further 
regulatory sequences. Expression comprises transcription of the nucleic acid 
molecule, preferably into a translatable mRNA. Regulatory elements ensuring 
expression in eukaryotic ceHs, preferably mammalian cells, are well known to those 
skilled in the art. They normally comprise promoters ensuring initiation of 
transcription and optionally poly-A signals ensuring termination of transcription and 
stabilization of the transcript. Additional regulatory elements may include 
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transcriptional as well as translational enhancers. Preferably said further regulatory 
sequence is a promoter and/or a 3'-untranslated region. 

Although some endothelial-specific promoters have been characterized, e.g. of the 
genes for von Willebrand factor (Jahroudi, Mol. Cell Biol. 14 (1994), 999-1008), 
Endothelin-1 (Lee, J. Biol. Chem. 265 (1990), 10446-10450), E-selectin (Collins, J. 
Biol. Chem. 266 (1991), 2466-2473), Tie-2 (Schlaeger, Development 121 (1995), 
1089-1098), VCAM-1 (lademarco, J. Biol. Chem. 267 (1992), 16323-16329) and 
endothelial NO-synthase (Zhang, J. Biol. Chem. 270 (1995), 15320-15326) these 
genes are neither specific for proliferating endothelium, nor necessary for endothelial 
cell determination. Due to the present invention these promoters can now be 
combined with the regulatory sequences of the invention in order to mediate 
endothelium specific gene expression of heterologous DNA sequences. However, 
other promoters can be used as well. For example, it is shown in Example 8 that the 
regulatory sequences of the invention conferred endothelium-specific gene 
expression to the heterologous herpes simplex virus-thymidine kinase (tk) promoter. 

In a preferred embodiment the above mentioned promoter is a promoter of hypoxia 
inducible genes, genes encoding growth factors such as VEGF, PDGF or Fibroblast 
growth factor or their receptors or glycolytic enzymes. 

In a particularly preferred embodiment said promoter comprises a DNA sequence 
selected from the group consisting of 

(a) DNA sequences comprising the nucleotide sequence as given in SEQ ID NO:1 
from nucleotide 6036 to nucleotide 6959; 

(b) DNA sequences comprising the nucleotide sequence of the human Flk-1 
promoter; 

(c) DNA sequences comprising a nucleotide sequence which hybridizes with a 
nucleotide sequence of (a) or (b) under stringent conditions; 

(d) DNA sequences comprising a nucleotide sequence which is conserved in the 
nucleotide sequences of (a) and (b); and 



WO 98/55638 PCT/EP98/03318 

13 



(e) DNA sequences comprising a fragment, analogue or derivative of a nucleotide 
sequence of any one of (a) to (d). 

At least one of the aforedescribed DNA sequences may be preferably of human or 
murine origin although other sources may be employed as well. Preferably, the 
heterologous DNA sequence being operatively linked to the regulatory sequences is 
located 5* to the regulatory sequence of the invention. 

In a further preferred embodiment, the heterologous DNA sequence of the above- 
described recombinant DNA molecules encodes a peptide, protein, antisense RNA, 
sense RNA and/or ribozyme. The recombinant DNA molecule or vector of the 
invention can be used alone or as part of a vector to express heterologous DNA 
sequences, which, e.g., encode proteins other than Flk-1, in cells of the blood vessel 
wall, i.e., endothelial cells, for, e.g., gene therapy or diagnostics of vascular diseases 
such as atherosclerosis. The recombinant DNA molecule or vector containing DNA 
sequence encoding a protein of interest is introduced into endothelial cells which in 
turn produce the protein of interest. For example, sequences encoding t-PA 
(Pennica, Nature 301 (1982), 214), p21 cell cycle inhibitor (El-Deiry, Cell 75 (1993), 
817-823), or nitric oxide synthase (Bredt, Nature 347 (1990), 768-770) may be 
operatively linked to the endothelial cell-specific regulatory sequences of the 
invention and expressed in endothelial cells. For example, thrombolytic agents can 
be expressed under the control of the endothelial cell-specific regulatory sequences 
of the invention for expression by vascular endothelial cells in blood vessels, e.g., 
vessels occluded by aberrant blood clots. Other heterologous proteins, e.g., proteins 
which inhibit smooth muscle cell proliferation, e.g., interferon-y and atrial natriuretic 
polypeptide, may be specifically expressed in endothelial cells to ensure the delivery 
of these therapeutic peptides to an atherosclerotic lesion or an area at risk of 
developing an atherosclerotic lesion, e.g., an injured blood vessel. 
The endothelial cell-specific regulatory sequences of the invention may also be used 
in gene therapy to promote angiogenesis to treat diseases such as peripheral 
vascular disease or coronary artery disease (Isner, Circulation 91 (1995), 2687- 
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2692). For example, the regulatory sequences of the invention can be operatively 
linked to sequences encoding cellular growth factors which promote angiogenesis, 
e.g., VEGF, acidic fibroblast growth factor, basic fibroblast growth factor and the like. 

In a most preferred embodiment of the present invention, said protein is selected 
from the group consisting of Vascular Endothelial Growth Factor (VEGF), Hypoxia 
Inducible Factors (HIF), HIF-Related Factor (HRF), tissue plasminogen activator, 
p21 cell cycle inhibitor, nitric oxide synthase, interferon-y, atrial natriuretic 
polypeptide and monocyte chemotactic proteins. 

In another particularly preferred embodiment of the invention, said protein is a 
scorable marker, preferably luciferase, green fluorescent protein or lacZ. This 
embodiment is particularly useful for simple and rapid screening methods for 
compounds and substances described herein below capable of modulating the 
expression of genes in the endothelium. For example, endothelial cells can be 
cultured with VEGF in the presence and absence of the candidate compound in 
order to determine whether the compound affects the expression of genes which are 
under the control of regulatory sequences of the invention, which can be measured, 
e.g., by monitoring the expression of the above-mentioned marker. It is also 
immediately evident to those skilled in the art that other marker genes may be 
employed as well, encoding, for example, selectable marker which provide for the 
direct selection of compounds which induce or inhibit the expression of said marker. 

The regulatory sequences of the invention may also be used in methods of 
antisense therapy. Antisense therapy may be carried out by administering to an 
animal or a human patient, a recombinant DNA containing the endothelial cell- 
specific regulatory sequences of the invention operably linked to a DNA sequence, 
i.e.. an antisense template which is transcribed into an antisense RNA. The 
antisense RNA may be a short (generally at least 10. preferably at least 14 
nucleotides, and up to 100 or more nucleotides) nucleotide sequence formulated to 
be complementary to a portion of a specific mRNA sequence. Standard methods 
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relating to antisense technology have been described (Melani, Cancer Res. 51 
(1991), 2897-2901). Following transcription of the DNA sequence into antisense 
RNA, the antisense RNA binds to its target mRNA molecules within a cell, thereby 
inhibiting translation of the mRNA and down-regulating expression of the protein 
encoded by the mRNA. For example, an antisense sequence complementary to a 
portion of or ail of the Flk-1 (KDR) mRNA (Terman, Oncogene 6 (1991), 1677-1683 
and Terman (1992), supra) would inhibit the expression of Flk-1, which in turn would 
inhibit angiogenesis. Such antisense therapy may be used to treat cancer, 
particularly to inhibit angiogenesis at the site of a solid tumor, as well as other 
pathogenic conditions which are caused by or exacerbated by angiogenesis, e.g., 
inflammatory diseases such as rheumatoid arthritis, and diabetic retinopathy. 
The expression of other endothelial cell proteins may also be inhibited in a similar 
manner, for example, endothelial cell proteins such as cell cycle proteins (thereby 
inhibiting endothelial cell proliferation, and therefore, angiogenesis); coagulation 
factors such as von Willebrand factor; and endothelial cell adhesion factors, such as 
ICAM-1 and VCAM-1 (Bennett, J. Immunol. 152 (1994), 3530-3540). 
Thus, in a further preferred embodiment of the present invention, said antisense 
RNA or said ribozyme are directed against a gene involved in vasculogenesis and/or 
angiogenesis and/or tumors of endothelial origin. 

In a further embodiment, the invention relates to nucleic acid molecules of at least 
15 nucleotides in length hybridizing specifically with a regulatory sequence as 
described above or with a complementary strand thereof. This means that they 
hybridize, preferably under stringent conditions, specifically with the nucleotide 
sequences as described above and show no or very little cross-hybridization with 
nucleotide sequences having no or substantially different regulatory properties. Such 
nucleic acid molecules may be used as probes and/or for the control of gene 
expression. Nucleic acid probe technology is well known to those skilled in the art 
who will readily appreciate that such probes may vary in length. Preferred are 
nucleic acid probes of 17, 18, 19, 20 to 25 and 25 to 35 nucleotides in length. Of 
course, it may also be appropriate to use nucleic acids of up to 100 and more 
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nucleotides in length. The nucleic acid probes of the invention are useful for various 
applications. On the one hand, they may be used as PCR primers for amplification of 
regulatory sequences according to the invention. Another application is the use as a 
hybridization probe to identify regulatory sequences hybridizing to the regulatory 
sequences of the invention by homology screening of genomic DNA libraries. 
Nucleic acid molecules according to this preferred embodiment of the invention 
which are complementary to a regulatory sequence as described above may also be 
used for repression of expression of a gene comprising such regulatory sequences, 
for example due to an antisense or triple helix effect or for the construction of 
appropriate ribozymes (see, e.g., EP-B1 0 291 533, EP-A1 0 321 201, EP-A2 0 360 
257) which specifically cleave the (pre)-mRNA of a gene comprising a regulatory 
sequence of the invention. Selection of appropriate target sites and corresponding 
ribozymes can be done as described for example in Steinecke. Ribozymes, Methods 
in Cell Biology 50, Galbraith et al. eds Academic Press, Inc. (1995), 449-460. 
Furthermore, the person skilled in the art is well aware that it is also possible to label 
such a nucleic acid probe with an appropriate marker for specific applications, such 
as for the detection of the presence of a nucleic acid molecule of the invention in a 
sample derived from an organism. 

Such molecules may either be DNA or RNA or a hybrid thereof. Furthermore, said 
nucleic acid molecule may contain, for example, thioester bonds and/or nucleotides 
analogues, commonly used in oligonucleotide anti-sense approaches. Said 
modifications may be useful for the stabilization of the nucleic acid molecule against 
endo- and/or exonucleases in the cell. Said nucleic acid molecules may also be 
transcribed by an appropriate vector containing a chimeric gene which allows for the 
transcription of said nucleic acid molecule in the cell. Such nucleic acid molecules 
may further contain ribozyme sequences which specifically cleave the (pre)-mRNA 
comprising the regulatory sequence of the invention. Furthermore, oligonucleotides 
can be designed which are complementary to a regulatory sequence of the invention 
(triple helix; see Lee, Nucl. Acids Res. 6 (1979), 3073; Cooney, Science 241 (1988), 
456 and Dervan, Science 251 (1991), 1360), thereby preventing transcription and 
the production of the encoded protein. 
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The present invention also relates to vectors, particularly plasmids, cosmids, viruses, 
bacteriophages used conventionally in genetic engineering that comprise a 
recombinant DNA molecule of the invention. Preferably, said vector is an expression 
vector and/or a targeting vector. Expression vectors derived from viruses such as 
retroviruses, vaccinia virus, adeno-associated virus, herpes viruses, or bovine 
papilloma virus, may be used for delivery of the recombinant DNA molecule or 
vector of the invention into targeted cell population. Methods which are well known 
to those skilled in the art can be used to construct recombinant viral vectors; see, for 
example, the techniques described in Sambrook, Molecular Cloning A Laboratory 
Manual, Cold Spring Harbor Laboratory (1989) N.Y. and Ausubel, Current Protocols 
in Molecular Biology, Green Publishing Associates and Wiley Interscience, N.Y. 
(1989). Alternatively, the recombinant DNA molecules and vectors of the invention 
can be reconstituted into liposomes for delivery to target cells. 
As is demonstrated in Example 11, the Flk-1 promoter was stimulated by HIF-2a, a 
basic helix-loop-helix/PAS domain transcription factor related to hypoxia-inducible 
factor-1. HIF-2a has previously been shown to stimulate the expression of VEGF, 
suggesting that HIF-2<x may regulate the coordinate expression of both the VEGF 
receptor Flk-1 and its ligand in vivo. Thus, Flk-1 gene regulatory elements described 
herein can be used together with HIF-2a for the elucidation of the molecular 
mechanisms involved in endothelial cell specification and angiogenesis, and can be 
used to target expression of any transgene to the endothelium. Thus, in a preferred 
embodiment, the vector of the invention furthers comprises a gene capable of 
expressing HIF-2cc. 

The present invention furthermore relates to host cells transformed with a DNA 
molecule or vector of the invention. Said host cell may be a prokaryotic or eukaryotic 
cell. The vector or recombinant DNA molecule of the invention which is present in 
the host cell may either be integrated into the genome of the host cell or it may be 
maintained extrachromosomally. In this respect, it is also to be understood that the 
recombinant DNA molecule of the invention can be used for "gene targeting" and/or 
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"gene replacement", for restoring a mutant gene or for creating a mutant gene via 
homologous recombination. 

The host cell can be any prokaryotic or eukaryotic cell, such as a bacterial, insect, 
fungal, plant or animal cell. Preferred fungal cells are, for example, those of the 
genus Saccharomyces, in particular those of the species S. cerevisiae. Suitable 
mammalian cell lines comprise Saos-2 human osteosarcoma cells (ATCC HTB-85), 
HeLa human epidermoid carcinoma cells (ATCC CRL-7923), HepG2 human 
hepatoma cells (ATCC HB-8065), human fibroblasts (ATCC CRL-1634), U937 
human histiocytic lymphoma cells (ATCC CRL-7939), RD human embryonal 
rhabdomyosarcoma cells (ATCC CCL-136), MCF7 human breast adenocarcinoma 
cells (ATCC HTB-22), JEG-3 human choriocarcinoma cells (ATCC HB36), A7r5 fetal 
rat aortic smooth muscle cells (ATCC CRL-1444), and NIH 3T3 mouse fibroblasts 
(ATCC CRL-1658) obtainable from the American Type Culture Collection. Primary- 
culture HUVEC may be obtained from Clonetics Corp. (San Diego, CA) and can be 
grown in EGM medium containing 2% fetal calf serum (Clonetics). Primary-culture 
human aortic and intestinal smooth muscle cells can also be obtained from Clonetics 
Corp. Most preferably said host cell is an endothelial cell or derived therefrom, such 
as BAE cells. In view of the synergistic effect of the co-expression of a recombinant 
DNA molecule of the invention and HIF-2a. a further embodiment of the invention 
concerns the above-described cells which further comprise a recombinant DNA 
molecule or vector containing a gene capable of expressing HIF-2a. 

Moreover, the present invention relates to a pharmaceutical composition comprising 
at least one of the aforementioned recombinant DNA molecules or vectors of the 
invention, either alone or in combination, and optionally a pharmaceutical^ 
acceptable carrier or excipient. Examples of suitable pharmaceutical carriers are well 
known in the art and include phosphate buffered saline solutions, water, emulsions, 
such as oil/water emulsions, various types of wetting agents, sterile solutions etc. 
Compositions comprising such carriers can be formulated by well known 
conventional methods. These pharmaceutical compositions can be administered to 
the subject at a suitable dose. Administration of the suitable compositions may be 
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effected by different ways, e.g. by intravenous, intraperitoneal, subcutaneous, 
intramuscular, topical or intradermal administration. The dosage regimen will be 
determined by the attending physician and other clinical factors. As is well known in 
the medical arts, dosages for any one patient depends upon many factors, including 
the patient's size, body surface area, age, the particular compound to be 
administered, sex, time and route of administration, general health, and other drugs 
being administered concurrently. Dosages will vary but a preferred dosage for 
intravenous administration of DNA is from approximately 10 6 to 10 22 copies of the 
DNA molecule. The compositions of the invention may be administered locally or 
systemically. Administration will generally be parenterally, e.g., intravenously; DNA 
may also be administered directly to the target site, e.g., by biolistic delivery to an 
internal or external target site or by catheter to a site in an artery. 

It is envisaged by the present invention that the various recombinant DNA molecules 
and vectors of the invention are administered either alone or in any combination 
using standard vectors and/or gene delivery systems, and optionally together with an 
appropriate compound, for example VEGF, and/or together with a pharmaceutical^ 
acceptable carrier or excipient. Subsequent to administration, said recombinant DNA 
molecules may be stably integrated into the genome of the mammal. On the other 
hand, viral vectors may be used which are specific for certain cells or tissues, 
preferably for the endothelium and persist in said cells. Suitable pharmaceutical 
carriers and excipients are well known in the art. The pharmaceutical compositions 
prepared according to the invention can be used for the prevention or treatment or 
delaying of different kinds of diseases, which are related to the expression or 
overexpression of a given gene or genes in the endothelium. 

Furthermore, it is possible to use a pharmaceutical composition of the invention 
which comprises a recombinant DNA molecule or vector of the invention in gene 
therapy. Suitable gene delivery systems may include liposomes, receptor-mediated 
delivery systems, naked DNA, and viral vectors such as herpes viruses, retroviruses, 
adenoviruses, and adeno-associated viruses, among others. Delivery of nucleic 



WO 98/55638 

2 0 PCT/EP98/03318 



acids to a specific site in the body for gene therapy or antisense therapy may also 
be accomplished using a biolistic delivery system, such as that described by 
Williams (Proc. Natl. Acad. Sci. USA 88 (1991), 2726-2729). 

Standard methods for transfecting cells with recombinant DNA are well known to 
those skilled in the art of molecular biology, see, e.g., WO 94/29469. Gene therapy 
and antisense therapy to prevent or decrease the development of atherosclerosis or 
inhibit angiogenesis may be carried out by directly administering the recombinant 
DNA molecule or vector of the invention to a patient or by transfecting endothelial 
cells with the recombinant DNA molecule or vector of the invention ex vivo and 
infusing the transfected cells into the patient. Furthermore, research pertaining to 
gene transfer into cells of the germ line is one of the fastest growing fields in 
reproductive biology. Gene therapy, which is based on introducing therapeutic 
genes into cells by ex-vivo or in-vivo techniques is one of the most important 
applications of gene transfer. Suitable vectors and methods for in-vitro or in-vivo 
gene therapy are described in the literature and are known to the person skilled in 
the art; see, e.g., W094/29469, WO 97/00957 or Schaper (Current Opinion in 
Biotechnology 7 (1996), 635-640) and references cited therein. The DNA molecules 
and vectors comprised in the pharmaceutical composition of the invention may be 
designed for direct introduction or for introduction via liposomes, or viral vectors (e.g. 
adenoviral, retroviral) containing said recombinant DNA molecule into the cell. 
Preferably, said cell is a germ line cell, embryonic cell, or egg cell or derived 
therefrom. The pharmaceutical compositions according to the invention can be used 
for the treatment of all kinds of diseases hitherto unknown as being related to the 
expression and/or over expression of genes in the endothelium. 

The present invention also relates to diagnostic compositions or kits comprising at 
least one of the aforementioned recombinant DNA molecules, vectors, cells and/or 
nucleic acid molecules and, in the case of diagnostic compositions, optionally 
suitable means for detection. 

Said diagnostic compositions may be used for methods of detecting and isolating 
regulatory sequences which are a functionally equivalent to the Hk-1 intron 
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regulatory sequences of the invention. The kits of the invention may further contain 
compounds such as further plasmids, antibiotics and the like for screening 
transgenic animals and/or animal cells useful for the genetic engineering of non- 
human animals, preferably mammals and most preferably mouse. 

It is to be understood that the introduced recombinant DNA molecules and vectors of 
the invention express the heterologous DNA sequence after introduction into said 
cell and preferably remain in this status during the lifetime of said cell. For example, 
cell lines which stably express the heterologous DNA under the control of the 
regulatory sequence of the invention may be engineered. Rather than using 
expression vectors which contain viral origins of replication, host cells can be 
transformed with the recombinant DNA molecule or vector of the invention and a 
selectable marker, either on the same or separate vectors. Following the introduction 
of foreign DNA, engineered cells may be allowed to grow for 1-2 days in an enriched 
media, and then are switched to a selective media. The selectable marker in the 
recombinant plasmid confers resistance to the selection and allows cells to stably 
integrate the plasmid into their chromosomes and grow to form foci which in turn can 
be cloned and expanded into cell lines. This method may advantageously be used to 
engineer cell lines which express the heterologous DNA sequence under the control 
of the regulatory sequence of the invention, and which respond to VEGF and/or 
hypoxia mediated signal transduction. Such engineered cell lines are particularly 
useful in screening compounds capable of modulating Flk-1 gene expression. 
A number of selection systems may be used, including but not limited to the herpes 
simplex virus thymidine kinase (Wigler, Cell 11(1977), 223), hypoxanthine-guanine 
phosphoribosyltransferase (Szybalska, Proc. Natl. Acad. Sci. USA 48 (1962), 2026), 
and adenine phosphoribosyltransferase (Lowy, Cell 22 (1980). 817) genes can be 
employed in tk\ hgprf or aprf cells, respectively. Also, antimetabolite resistance can 
be used as the basis of selection for dhfr, which confers resistance to methotrexate 
(Wigler, Proc. Na«. Acad. Sci. USA 77 (1980), 3567; O'Hare, Proc. Natl. Acad. Sci. 
USA 78 (1981). 1527), gpt, which confers resistance to mycophenolic acid (Mulligan, 
Proc. Natl. Acad. Sci. USA 78 (1981), 2072); neo. which confers resistance to the 
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aminoglycoside G-418 (Colberre-Garapin, J. Mol. Biol. 150 (1981), 1); and hygro, 
which confers resistance to hygromycin (Santerre, Gene 30 (1984), 147) genes. 
Additional selectable genes have been described, namely trpB, which allows cells to 
utilize indole in place of tryptophan; hisD, which allows cells to utilize histinol in place 
of histidine (Hartman, Proc. Natl. Acad. Sci. USA 85 (1988), 8047); and ODC 
(ornithine decarboxylase) which confers resistance to the ornithine decarboxylase 
inhibitor, 2-(difIuoromethyl)-DL-ornithine, DFMO (McConlogue, 1987, In: Current 
Communications in Molecular Biology, Cold Spring Harbor Laboratory ed.). On the 
other hand, the person skilled in the art may also use the regulatory sequences of 
the invention to "knock out" an endogenous gene comprising identical or similar 
regulatory sequences, for example, by gene targeting, cosuppression, triple helix, 
antisense or ribozyme technology. 

The present invention also relates to a method for the production of a transgenic 
animal, preferably mouse, comprising introduction of a recombinant DNA molecule 
or vector of the invention into a germ cell, an embryonic cell or an egg or a cell 
derived therefrom. The non-human animal to be used in the method of the invention 
may be a wildtype, i.e. healthy animal, or may have a disease or disorder, preferably 
a disease or disorder which is dependent on neovascularization, such as solid 
tumors, retinopathy, arthritis, psoriasis. Said disease or disorder may be an inborn 
insufficiency or natural developed or caused by genetical engineering, for instance 
by the expression of a DNA sequence encoding a protein involved in neuronal 
development and/or diseases as described above, preferably under the control of 
the regulatory sequence of the invention. 

The invention also relates to transgenic non-human animals comprising a 
recombinant DNA molecule or vector of the invention or obtained by the method 
described above, preferably wherein said recombinant DNA molecule is stably 
integrated into the genome of said non-human animal, preferably such that the 
presence of said recombinant DNA molecule or vector leads to the transcription 
and/or expression of the heterologous DNA sequence by the regulatory sequence of 
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the invention. Further non-human animals which may be employed according to the 
embodiments of the invention as described above are well known to the person 
skilled in the art and comprise rat, hamster, dog, monkey, rabbit, pig. 

With the regulatory sequences of the invention, it is now possible to study in vivo the 
regulation of Flk-1 expression during angiogenesis. Furthermore, since VEGF and 
VEGF receptor genes seem to have different functions in different stages of 
development, it is now possible to determine domains of said proteins which may be 
important for their biological activity and/or for the regulation of their activity. In 
addition, it is now possible to in vivo study mutations which affect different functional 
or regulatory aspects of VEGF or its receptor or vector of the invention. 

Moreover, the present invention relates to a method for the identification of a 
chemical and/or biological substance capable of suppressing or activating and/or 
enhancing the transcription of a gene in endothelial cells comprising: 

(a) contacting a cell of the invention or the transgenic non-human animal of the 
invention either of which is capable of expressing the heterologous DNA 
sequence with a plurality of compounds; and 

(b) determining those compounds which suppress or activate and/or enhance the 
expression of said heterologous DNA sequence. 

Said plurality of compounds may be comprised in, for example, samples, e.g. cell 
extracts from, e.g. plants, animals or microorganisms. Furthermore, said compounds 
may be known in the art but hitherto not known to be capable of suppressing or 
activating and/or enhancing the transcription of a gene in endothelial cells. The 
plurality of compounds may be, e.g., added to the culture medium or injected into 
the animals. 

The term "plurality of compounds" in a method of the invention is to be understood 
as a plurality of substances which are either identical or not. If a sample containing a 
plurality of compounds is identified in the method of the invention, then it is either 
possible to isolate the compound from the original sample identified as containing 
the compound capable of suppressing or activating and/or enhancing the 
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transcription of a gene in endothelial cells, or one can further subdivide the original 
sample, for example, if it consists of a plurality of different compounds, so as to 
reduce the number of different substances per sample and repeat the method with 
the subdivisions of the original sample. Depending on the complexity of the samples, 
this can be done several times, preferably until the sample identified according to the 
method of the invention only comprises a limited number of or only one 
substance(s). Preferably said sample comprises substances of similar chemical 
and/or physical properties, most preferably said substances are identical. 
Determining whether a compound is capable of suppressing or activating and/or 
enhancing the transcription of a gene in endothelial cells can be done, for example, 
in mice by monitoring reporter gene expression or by monitoring behavior of the 
transgenic non-human animals of the invention contacted with the compounds 
compared to that of wild-type animals or compared to a transgenic non-human 
animal contacted with a compound which is either known to be capable or incapable 
of suppressing or activating and/or enhancing the transcription of a gene in 
endothelial cells of said transgenic non-human animal of the invention. Furthermore, 
the person skilled in the art can monitor the physical behavior, or for example the 
movement of the above-described animals. Such methods are well known in the art. 
Such regulators of Flk-1 gene expression may be used in processes such as wound 
healing; in contrast, antagonists of expression may be used in the treatment of 
tumors that rely on vascularization for growth. Thus, the present invention provides 
methods for identifying compounds which modulate VEGF receptor (e.g., Flk-1 or 
Flt1 ) gene expression. Compounds found to downregulate expression of a VEGF 
receptor gene can be used in methods to inhibit angiogenesis, while compounds 
found to enhance Flk-1 or Flt1 expression can be used in methods to promote 
angiogenesis, for example, to promote wound healing (e.g., healing of broken 
bones, burns, diabetic ulcers, and traumatic or surgical wounds) or to treat 
peripheral vascular disease, atherosclerosis, cerebral vascular disease, hypoxic 
tissue damage (e.g., retinopathy, hypoxic damage to heart tissue), diabetic 
pathologies such as chronic skin lesions, or coronary vascular disease. These 
compounds can also be used to treat patients who have, or have had, transient 
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ischemic attacks, vascular graft surgery, balloon angioplasty, frostbite, gangrene, or 
poor circulation. Compounds identified as having the desired effect (i.e., enhancing 
or inhibiting Flk-1 expression) can be tested further in appropriate models of 
endothelial cell growth and angiogenesis which are known to those skilled in the art. 
Given the therapeutic value of the compounds identified in accordance with the 
above-described method the present invention also relates to a method for the 
production of a pharmaceutical composition comprising the steps of the method of 
the invention and formulating the compound identified in step (b) in a 
pharmaceutically acceptable form. 

The therapeutic compounds identified using the method of the invention may be 
administered to a patient by any appropriate method for the particular compound, 
e.g., orally, intravenously, parenterally, transdermally, transmucosally, or by surgery 
or implantation (e.g., with the compound being in the form of a solid or semi-solid 
biologically compatible and resorbable matrix) at or near the site where the effect of 
the compound is desired. For example, a salve or transdermal patch that can be 
directly applied to the skin so that a sufficient quantity of the compound is absorbed 
to increase vascularization locally may be used. This method would apply most 
generally to wounds on the skin. Salves containing the compound can be applied 
topically to induce new blood vessel formation locally, thereby improving 
oxygenation of the area and hastening wound healing. Therapeutic doses are 
determined to be appropriate by one skilled in the art. 

Furthermore, identification of transacting factors which interact with the regulatory 
sequences of the invention can form the basis for the development of novel 
therapeutics for modulating conditions associated with endothelial cell growth, such 
as angiogenesis, vascular disease, and wound healing. Identification of transacting 
factors is earned out using standard methods in the art (see, e.g., Sambrook, supra, 
and Ausubel, supra). To determine whether a protein binds to the regulatory 
sequences of the invention standard DNA footprinting and/or native gel-shift 
analyses can be carried out. In order to identify the transacting factor which binds to 
the regulatory sequence of the invention, the regulatory sequences can be used as 
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an affinity reagent in standard protein purification methods, or as a probe for 
screening an expression library. Once the transacting factor is identified, modulation 
of its binding to the regulatory sequence in the Flk-1 gene can be pursued, 
beginning with, for example, screening for inhibitors of transacting factor binding. 
Enhancement of Flk-1 expression in a patient, and thus enhancement of 
angiogenesis, may be achieved by administration of the transacting factor, or the 
gene encoding it (e.g., in a vector for gene therapy). In addition, if the active form of 
the transacting factor is a dimer, dominant-negative mutants of the transacting factor 
could be made in order to inhibit its activity. Furthermore, upon identification of the 
transacting factor, further components in the pathway of Flk-1 signal transduction 
can be identified. Modulation of the activities of these components can then be 
pursued, in order to develop additional drugs and methods for modulating 
endothelial cell growth and angiogenesis. 

As discussed in the background section of the description of the present invention, 
the interaction of VEGF and its receptor play an important role in the onset of 
angiogenic disease. Transgenic non-human animals expressing VEGF and/or its 
receptor gene and/or mutated versions thereof under the control of the regulatory 
sequences of the invention can now be used for the identification of substances, 
which, for example, are capable of restoring the wild-type interaction of mutated 
VEGF and its receptor either or both of which bear mutations. Some genetic 
changes lead to altered protein conformational states. Genetic changes may 
therefore result in a decreased binding activity of VEGF. Restoring the activity of 
mutant VEGF protein or increasing the activity of other proteins which interact with 
mutant VEGF proteins is the most elegant and specific means to correct these 
molecular defects. In addition, some genetic changes may result in altered 
conformational states of the receptor. This, in turn, may functionally inactivate the 
tyrosine kinase activity, making it incapable of signal transduction. In order to restore 
the function of such mutant proteins an antibody may be used which binds to an 
epitope and induces a conformational change of the protein thereby restoring the 
wild type function. Thus, the methods of the invention are also useful to screen e.g., 
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antibody, Fab, Fv or scFv expression libraries wherein the DNA sequence encoding 
said antibodies or derivatives thereof are under the control of the regulatory 
sequence of the invention. It is, of course, evident to the person skilled in the art that 
also other protein or peptide expression libraries using the regulatory sequences of 
the invention may be employed. 

Further, the present invention relates to the use of the recombinant DNA molecule, 
vector, cell, pharmaceutical compositions, diagnostic compositions or a transgenic 
non-human animal of the invention for the identification of a chemical and/or 
biological substance capable of suppressing or activating and/or enhancing the 
transcription, expression and/or activity of genes and/or its expression products in 
endothelial cells. 

In a preferred embodiment, the chemical or biological substance used in the 
methods and uses of the present invention is selected from the group consisting of 
peptides, proteins, nucleic acids, antibodies, small organic compounds, hormones, 
neural transmitters, peptidomimics, and PNAs (Milner, Nature Medicine 1 (1995), 
879-880; Hupp, Cell 83 (1995), 237-245; Gibbs, Cell 79 (1994), 193-198). 

The present invention further relates to a method of inhibiting a vascular disease in a 
subject, comprising contacting an artery of said subject with the recombinant DNA 
molecule or vector of the invention, wherein said protein reduces or prevents the 
development of the vascular disease, preferably said protein reduces proliferation of 
smooth muscle cells. 

In a further embodiment the present invention relates to the use of a recombinant 
DNA molecule, vector, nucleic acid molecule of the invention and/or substance 
identified by a method of the invention for the preparation of a composition for 
directing and/or preventing expression of genes specifically in endothelial cells 
and/or for the preparation of a pharmaceutical composition for treating, preventing 
and/or delaying a vascular disease and/or a tumorous disease in a subject. The 
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upregulation and activation of the Flk-1 receptor in peri-tumoral endothelial cells is 
believed to be involved in the neovascularization of various human or experimental 
tumors (Plate, 1994; Ferrara, Curr. Opin. Nephrol. Hypertens. 5 (1996), 35-44). This 
hypothesis is supported by experiments in which the inhibition of Flk-1 -mediated 
signal transduction strongly inhibits tumor angiogenesis and tumor growth (Millauer, 
Nature 367 (1994), 576-579; Millauer, Cancer Res. 56 (1996), 1615-1620). Thus, by 
using compounds of the present invention described above capable of inhibiting Flk- 
1 gene expression, it is possible to ameliorate tumorous diseases which depend on 
the expression of the FLK-1 gene. 

In a further embodiment, the present invention relates to the use of a recombinant 
DNA molecule, vector and/or the nucleic acid molecule of the invention for the 
preparation of a pharmaceutical composition for inducing a vascular disease in a 
non-human animal or in a transgenic non-human animal described above. 

In a preferred embodiment of the methods and uses of the invention, the vascular 
disease is atherosclerosis and/or a neuronal disorder. Further possible methods and 
uses in accordance with the present invention will be evident to the person skilled in 
the art and are described in, for example, WO 95/13387, WO 94/11499 and 
WO 97/00957. 

The recombinant DNA molecules, vectors, nucleic acid molecules, compounds, uses 
and methods of the invention can be used for the treatment of all kinds of disorders 
and diseases hitherto unknown as being related to or dependent on the modulation 
of genes specifically expressed in the endothelium. The recombinant DNA 
molecules, vectors, nucleic acid molecules, compounds, methods and uses of the 
present invention may be desirably employed in humans, although animal treatment 
is also encompassed by the methods and uses described herein. Thus, the present 
invention provides for the use of a regulatory sequence as defined above for 
enhancing and/or directing gene expression in endothelial cells in any kind of 
organism. 
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These and other embodiments are disclosed and encompassed by the description 
and examples of the present invention. Further literature concerning any one of the 
methods, uses and compounds to be employed in accordance with the present 
invention may be retrieved from public libraries, using for example electronic 
devices. For example the public database "Medline" may be utilized which is 
available on the Internet, for example under 

http://www.ncbi.nlm.nih.gov/PubMed/medline.html. Further databases and 
addresses, such as http://www.ncbi.nlm.nih.gov/, http://www.infobiogen.fr/, 
http://www.fmi.ch/biology/research_tools.html, http://www.tigr.org/, are known to the 
person skilled in the art and can also be obtained using, e.g., http://www.lycos.com. 
An overview of patent information in biotechnology and a survey of relevant sources 
of patent information useful for retrospective searching and for current awareness is 
given in Berks, TIBTECH 12 (1994), 352-364. 



The figures show: 

Figure 1 : Nucleotide sequence of the murine Flk-1 gene. The ATG codon is at 
position +299. The threA exons are indicated in bold. Motifs for 
transcription factors are unaerlined. VRE: vascular response element, 

Figure 2: Map of reporter gene construct pGL2-B. Arrows symbolize functional 
elements. Luc: luciferase gene, AMP: ampicillin resistance gene, 
flori: replication origin for bacteriophage ft. 

Figure 3: Map of reporter gene construct pGLacZ. Arrows symbolize functional 
elements. LacZ: p-galactosidase gene, AMP: ampicillin resistance 
gene, f 1 ori: replication origin or bacteriophage f 1 . 



Figure 4: 



Partial structure and functional analysis of the mouse Flk-1 locus. A) 
Restriction enzyme map of the region encompassing the first three 
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exons (represented by hatched boxes). Subfragments containing 
parts of intron 1 or intron 2 are indicated. Abbreviations for restriction 
enzymes are: B. BamHI. Xh, Xhol, SI, Sail. B and C, luciferase 
reporter gene assays of various constructs following transient 
transfection of bovine aortic endothelial cells. B) Transfection assay of 
the intron fragments in combination with the Flk-1 promoter region of 
bp -640 to bp +299. The values were coordinated with 5'-ln1 
fragments with respect to the activity of the construct. C) The intron 
fragments were tested in combination with a 4.4 kbp Flk-1 promoter 
fragment spanning the region from -4.1 kbp to + 299 bp of the Flk-1 
gene. NIH 3T3 cells were used as a reference for non-endothelial 
cells. RLU, relative light units 

Analysis of the intron in transgenic mice. The embryo (10.5 days) was 
stained overnight with X-Gal. The reporter gene was under the control 
of the intron enhancer (3'-ln1, cf. Fig. 4A) and of the Flk-1 promoter 
fragment ranging from nucleotides -4100 to +299. A) Top lateral view. 
B) Top dorso-cranial view. 



Figure 6: Histological evaluation of a transgenic embryo. The embryo shown in 
Fig. 5 was embedded in paraffin. The cuts were stained with neutral 
red. A) Pseudo transversal cut through the head region. B) 
Magnification of a section from A. C) Pseudo transversal cut of a 
caudal region. 1: 4th ventricle of cerebrum, 2: acoustic 
vesicle/otocyte, 3: V. cardinalis anterior. 4: third ventricle of cerebrum. 
5: endbrain vesicle. 6: optic vesicle. 7: ganglion trigeminal (V). 8: 
chorda dorsalis. 



Figure 7: Functional analysis of the first two introns of the Flk-1 gene in vivo. 

The depicted embryo (10.5 days) carries the fc-galactosidase gene 
under the control of the Flk-1 promoter (-4.1 kbp to +299 bp) and the 
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first 6.2 kbp of the transcribed region (cf. Fig. 4A). The staining was 
carried out as described in Fig. 5. 

Figure 8: In vivo characterization of the intron enhancer in combination with the 
strongest promoter fragment. All three embryos carry the ft- 
galactosidase gene under the control of the Flk-1 promoter fragment 
of bp -640 to bp +299 and the intron enhancer. The staining was 
carried out as described in Fig. 5. 

Figure 9: Detailed analysis of the left-hand embryo from Fig. 8A) Left lateral 
view. B) Sectional magnification of A. C) Right lateral view. 

Figure 10: Histological evaluation of the embryo depicted in Fig. 9. The embryo 
was embedded in paraffin and was cut into 10 pm slices. The cuts 
were stained with neutral red. A) Pseudo transversal cut through the 
head region. B) Magnification from a similar cut level as in A. C) 
Pseudo transversal cut from a more caudally located section. D) 
Pseudo transversal cut from thoracal section. 1: 4th ventricle 
cerebrum, 2: 3rd ventricle cerebrum, 3: endbrain vesicle, 4: A. carotis 
interna, 5: ganglion trigeminal (V) f 6: V. cardinalis anterior, 7: neural 
tube, 8: esophagus, 9: V. cardinalis posterior, 10: aorta dorsalis, 11: 
endocardium of the heart atrium, 12: vessels of the myocardium. 

Figure 11: Reporter gene analysis of Flk-1 gene regulatory elements in 
transgenic mouse embryos. The lacZ reporter gene was fused to 
regulatory elements derived from the mouse Flk-1 gene and tested for 
p-galactosidase expression in transgenic mouse embryos. A) 10.5 
day transgenic mouse embryo expressing /acZ under the control of a 
939 bp promoter fragment in combination with a 2.3 kbp Xhol/BamHI 
fragment of the first intron spanning the region from +1677 bp to 
+3947 bp of the Flk-1 gene. This embryo was derived from a foster 
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mother. Most if not all developing vascular structures show p- 
galactosidase expression, for example the endocardium of the heart, 
the dorsal aorta, intersomitic vessels or vessels of the developing 
brain. B) 11.5 day embryo of a transgenic mouse line that was 
established with the same construct. C) An 1 1.5 day Flk-1/lacZ knock- 
in embryo in which the lacZ gene is expressed from the endogenous 
Flk-1 locus shows a highly similar staining. However, note the 
absence of p-galactosidase expression in small blood vessels of the 
yolk sac. D-F) Paraffin sections of the p-galactosidase stained embryo 
from (B) demonstrate p-galactosidase expression in the paired dorsal 
aortae (D), a venous vessel connected with the heart (E), and 
capillaries invading the neural tube (F). G) p-galactosidase expression 
in a transgenic embryo containing the tk promoter in combination with 
the 2.3 kbp Xhol/BamHI fragment of the Flk-1 first intron. H) p- 
galactosidase expression in a transgenic embryo containing a 
construct with Flk-1 promoter sequences (-640 bp/+299 bp) in 
combination with the 510 bp Swal/BamHI fragment of the first intron 
spanning the region from +3437 bp to +3947 bp of the Flk-1 gene. 
Bar D) -F) 100 ^iM. 

Figure 12: Nucleotide sequence of the Flk-1 intron enhancer and putative 
transcription factor binding sites. Sequences matching known 
transcription factor binding sites are underlined. This sequence is 
deposit in the GeneBank database (accession number AF06 1804). 

Figure 13: Analysis of transgene expression during early development and in 
newborn mice. The transgenic mouse line 2603 expresses lacZ under 
the control of the Flk-1 promoter (-640 bp/+299 bp) in combination 
with the 2.3 kbp Flk-1 intronenhancer A) Frontal view on a whole 
mount p-galactosidase stained 7.8-day embryo. The arrow indicates 
transgene expression in the extraembryonic mesoderm. B) and C) 
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Paraffin sections from the embryo shown in A demonstrate transgene 
expression in endothelial cells of the allantois (B) and the yolk sac 
(C). D-H, LacZ staining of spleen (D), kidney (E), lung (F), liver (G) 
and thymus (H) from a postnatal day 5 transgenic mouse. EM, 
extraembryonic mesoderm. Bars, 25 jiM (C), 100 ^iM (B.D.E.F.G.H). 

Figure 14: The 5 -UTR is required for expression of the Flk-1 gene in the yolk 
sac vasculature. Transgenic mouse embryos that contain a Flk-1 
promoter and 5'UTR (-640 bp/+299 bp) / enhancer (+1677 bp/+3947 
bp) reporter gene construct show a complete vascular expression in 
the yolk sac vasculature (A and B). In contrast, the yolk sac of Flk- 
1/IacZ knock-in embryos which lack part of the 5'UTR show 
expression only in large collecting vessels that connect with the 
embryo, but not in the smaller vessels (C). Bar, 500 ^iM. 

Figure 15: HIF-2a stimulates Flk-1 gene expression. A293 cells were co- 
transfected with a reporter gene construct containing Flk-1 promoter 
sequences from bp -640 to bp +299 and with expression vectors 
encoding the murine HIF-1a and HIF-2a cDNAs, respectively. 
Relative promoter activities were determined as described in 
Materials and Methods. The promoter activity of the control 
transfection was arbitrarily set to 1 . 

The examples illustrate the invention. 

Example 1: Cloning and construction of Flk-1 intron/reporter gene vectors 

DNA clones containing the 5' region of the mouse Flk-1 gene were isolated from a 
library prepared from 129/SvJ mice in X Dash II vector (Stratagene) (Ronicke, supra) 
or in X FIX II or obtained from the P1 Library (Genome Systems, St. Louis). A 21 kb 
region of the mouse Flk-1 gene, contained in the DNA insertions of two X phages 6 
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and 16. including approximately 15 kb of 5' flanking sequences, exons 1. 2 and 3, 
and introns 1 and 2 was characterized by restriction enzyme mapping and Southern 
blot analysis. Lower DNA fragments of the phage clones were cloned into 
pBluescript vector DNA (Stratagene) and used for further characterization. 
Sequencing was performed using an automatic Sequencer (373A, Applied 
Biosystems). The nucleotide sequence of the Flk-1 intron enhancer is deposited in 
the Genbank database (accession number AF061804). The search for potential 
transcription factor binding sites was performed with the Matlnspector software 
(Quandt, (1995) Nucl. Acids Res. 23, 4878-4884). 

The DNA sequence (SEQ ID NO: 1) of a 12.8 kb region spanning from about 
position -6,660 kb (relative to the transcriptional start site) to approximately position 
+6,135 kb (located in the third exon) was determined (Fig. 1). Figure 4A shows a 
schematic representation of the first 6.5 kbp of the transcribed region of the murine 
Flk-1 gene. Exons I, II and III are emphasized as hatched boxes. The first intron 
having a length of 3.6 kbp is subdivided into two regions (5'-ln1 and 3'-ln1). The 
region ln-2 contains the entire second intron, the second exon, the 3' end of the first 
intron and part of the third exon. This subdivision into various intron fragments was 
maintained in the following analyses. The reporter gene constructs used were 
derived from pGL2 basic vector (Promega) that contains a promoterless luciferase 
gene. Luciferase reporter gene constructs were generated for transfection of cells in 
vitro. For use in transgenic mice in vivo, plasmids were used in which the luciferase 
reporter gene was replaced by a lacZ reporter gene. 

In order to generate (luciferase) reporter gene constructs, Flk-1 promoter fragments 
were amplified by PCR and cloned into pGL2 (Promega) vector DNA 5' to the 
luciferase gene as described by Ronicke, supra; see also Figure 2. In short, the 
upstream primers used were -1900: 5'-GGG GTA CCG AAT TCT AAA TGG GGC 
GAT TAC C-3' (SEQ ID NO 2); -640: 5'-GTG GTA CCC AAA CAC TCA ACA CCA 
CTG-3'(SEQ ID NO: 3); -624, 5-TCG GTA CCG ACC CAG CCA GGA AGT TC-3' 
(SEQ ID NO: 4); the downstream primer was +299, 5-TTG CTA AGC TTC CTG 
CAC CTC GCG CTG GG-3' (SEQ ID NO: 5). To generate the construct ranging from 
-4100 to +299, a Hindlll-EcoRI fragment of recombinant lambda phage 6 from P1 
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Library (Genome Systems, St. Louis) was inserted into the plasmid ranging from 
-1900 to +299. Vectors that contained Flk-1 intron sequences in addition to promoter 
sequences were generated as follows: specific intron sequences were amplified by 
PCR from cloned Flk-1 genomic DNA and inserted downstream of the reporter gene. 
Primers used for amplification were 5'-ln1down: 5-AGG GAT CCA CTC TTT AGT 
AGT AAG GCG-3' (nucleotides 7036-7057 of SEQ ID NO: 1, SEQ ID NO: 6); 5'- 
Inlup: 5'-ACC TCG AGA CTT GGA TGG CAC-3' (nucleotides 8324-8342 of SEQ ID 
NO: 1, SEQ ID NO: 7); 3-ln1down: 5'-GGG CTA TAA TTG GTG CCA TCC-3' 
(nucleotides 8312-8332 of SEQ ID NO: 1, SEQ ID NO: 8); 3'-ln1up: 5'-GGA TGG 
AGA AAA TCG CCA GGC-3' (nucleotides 10637-10658 of SEQ ID NO: 1, SEQ ID 
NO: 9); IN2A: 5'-GTG TGC ATT GTT TAT GGA AGG G-3' (nucleotides 10571-10593 
of SEQ ID NO: 1, SEQ ID NO: 10); IN2B: 5'-CAT AGA CAT AAA CAG TGG AGG C- 
3' (nucleotides 12849-12871 which is part of the cDNA sequence published by 
Millauer (1993), supra, SEQ ID NO: 11). For the subsequent experiments the vector 
indicated in Fig. 3 was used. It represents a modification of the pGL2 basic vector in 
which the corresponding Flk-1 promoter fragments were inserted into the Kpni and 
Hindi 1 1 restriction sites of the polylinker (Fig. 2). Also the luciferase reporter gene 
was replaced by the (i-galactosidase gene (Schlaeger, Proc. Natl. Acad. Sci. USA 
94 (1997), 3058-3063). For an analysis of the intron intron fragments were cloned 
into the BamHI and Sail restriction sites indicated. DNA manipulations, PCR 
amplification and DNA sequencing were performed according to conventional 
methods known in the art as described, for example in Sambrook, supra and PCR 
Technology, Griffin and Griffin, eds., RC Press London (1994). 

Example 2: Functional analysis of the intron of the Flk-1 gene in vitro 

Figure 4 shows the result of transient transfections in BAECs. The corresponding 
intron fragments were combined with a Flk-1 promoter fragments which comprised 
nucleotides -640 to +299. The promoter activity was standardized with respect to the 
promoter activity of the construct containing the 5'-ln1 fragment. 
Tissue culture and transient transfections were performed as follows: 
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All cells were cultured in DMEM+ supplemented with 10% FCS (Sigma) and as 
described in Schaeger, 1997. bEnd5 cells were generated by transformation with the 
Polyoma middle-T oncogene as described earlier (Montesano, Cell 62 (1990), 435- 
445). Bovine aortic endothelial cells (BAECs) were prepared as described 
(Schwartz, In Vitro 14 (1978), 966-980). NIH 3T3, C2C12 and L cells were obtained 
from ATCC. Transient transfections were performed using the CaP0 4 -precipitation 
method according to Chen and Okayama (Mol. Cell Biol. 7 (1987), 2745-2752), 
optionally with modifications as described (R6nicke, 1996). The transfection 
efficiency was monitored by co-transfection of a p-galactosidase reporter vector. 
Each construct was transfected at least six times in three independent experiments. 
Cells were grown to 70% confluence in 6-cm dishes prior to transfection. Cells were 
washed 16 hrs after addition of CaPO-precipitate and incubated for further 48 hrs. In 
each experiment, 6 M g luciferase and 1 ^g pCMV5 (Ronicke, supra) lacZ reporter 
gene constructs were used. Cells were lysed in 1 x reporter-lysis-buffer (Promega) 
for 15 min on a test tube-rotator. After centrifugation, the supernatant was 
transferred to a fresh tube and stored at -80 °C or taken for luciferase-and lacZ- 
assay immediately. Reporter-gene assays for p-galactosidase activity were 
performed according to Eustice (Biotechniques 11 (1991), 739-740). Chlorophenol 
red-B-D-galactopyranoside (CPRG) was used as a substrate and the conversion 
was measured at 575 nm in an ELISA-reader (Biometra). Extracts were diluted to 
obtain OD 575 nm values between 0.2 and 0.8. These values were used to standardize 
for transfection efficiency after subtracting a background value, as determined from 
a cell extract of a transfection without lacZ-reporter plasmid but with a luciferase- 
reporter plasmid. Luciferase-reporter gene assays were performed with the same 
extracts as described by the manufacturer (Promega). Luciferase activity was 
measured with a luminometer (LB96P, Berthold) and calculated as per cent of the 
activity of the pGL2-promoter plasmid (Promega). 
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Construct 


5'-ln1 


3'-ln1 


In2 


BAEC 


100+/-0% 


128+/-34% 


136+/-52% 


3T3 


100+/-0% 


55+/-15% 


74+/-33% 



Table I: Functional analysis of the intron of the Flk-1 gene. The upper line indicates 
the corresponding intron fragment which was analyzed in combination with the Flk-1 
promoter (-640 bp/+299 bp). 

Figure 4C shows the results of another transfection assay of the intron fragments. It 
was carried out as described above, with the exception that a Flk-1 promoter 
fragments was used that comprised the region between nucleotides -4100 and 
+299. Also, a fragment was analyzed that contained the entire first intron, the 
second exon, the second intron and part of the third exon shown in Figure 4A. 



Construct 


5'-ln1 


3'-ln1 


In2 


ln1+2 


BAEC 


100+/-0% 


206+/-81% 


119+/-51% 


154+/-68% 


3T3 


100+/-0% 


71+/-32% 


85+/-27% 


35+/-12% 



Table II.: Functional analysis of introns of the Flk-1 gene. The upper line indicates 
the corresponding intron fragment which was analyzed in combination with the Flk-1 
promoter (-4100 Bp/+299 Bp). 

An analysis of this experiment revealed that the construct with the 3' region of the 
first intron in BAECs had an activity that was twice that of that containing the 5* 
region of the first intron. Also, it showed 85% higher activity than the construct with 
the second intron (p=0.0153). The 4.5 kbp longer construct ln1+2 that also 
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contained the 3* region of the first intron, too, revealed an activity that was markedly 
higher in BAECs than in 3T3 cells. 

A functional analysis of the first 6.5 kbp of the transcribed region of the murine Flk-1 
genes lead to the identification of an endothelial-specific positive regulatory element. 
This regulatory sequence is located in the region between the Xhol and BamHI 
restriction site in the first intron of the Flk-1 gene (cf. Fig. 4A). It is functional in both 
orientations since the intron is used in an antiparallel manner with respect to the Flk- 
1 promoter fragment in the construct referred to as 3*-ln 1. In construct ln1+2, 
however, the original orientation was maintained. A sequence analysis of the intron 
enhancer lead to the identification of two potential GATA binding sites at position 
+1927 bp and +3514 bp; (Evans, Proc. Natl. Acad. Sci. USA 85 (1988), 5976-5980; 
Orkin, Blood 80 (1992), 575-581), a potential AP-1 binding site at position +2210 bp; 
(Lee, Cell 49 (1987), 741-752) and two PEA3 consensus sequences at position 
+3494 bp and +3741 bp; (Martin, Proc. Natl. Acad. Sci. USA 85 (1988), 5839-5843). 

Example 3: Functional characterization of the Flk-1 promoter in vivo. 

So far, analyses of the murine Flk-1 promoter have been restricted to in vitro 
systems (Ronicke, supra; Patterson, supra). The investigation of the promoter 
activity in vitro is an important tool in promoter characterizing since it is useful to 
assay a large number of promoter constructs for their activity in a short time. 
However, this situation is always an artificial one since not all factors that are 
relevant in vivo can also be reconstituted in vitro. While an in vitro investigation of a 
promoter yields important information on the mechanisms of gene regulation it is 
only the in vivo characterization that can yield the final proof for the relevance of the 
elements identified. An excellent test system for promoter analysis in vivo are 
transgenic mice. In this model the corresponding promoter fragment was cloned 
before a reporter gene, isolated together with this reporter gene and injected into 
fertilized mouse oocytes. In many cases, successful integration of the promoter 
reporter construct into the mouse genome lead to transgenic mice which contain the 
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construct in every cell. This test system, in addition to the analysis of the promoter 
activity during embryonic development and in the adult animal, allows a tissue- 
specific characterization of the promoter activity. 

For the investigation of the Flk-1 promoter in transgenic mice the bacterial ft- 
galactosidase reporter gene was chosen since the gene product is easily detectable 
by color reaction and remains at the location of production due to its limited 
solubility. In this manner it is possible to identify cells in which the corresponding Flk- 
1 promoter fragment since only there an expression of fc-galactosidase took place. 
When producing transgenic mice it was taken care that no regions originating from 
the vector were injected along with the promoter. First, Flk-1 promoter fragments 
comprising the regions between nucleotides -640 and +299, -1900 and +299 as well 
as -4100 and +299 were investigated. The constructs were based on plasmid pGL- 
2B described in Figure 2 with the exception that the luciferase reporter gene was 
replaced by the (i-galactosidase gene. All injection fragments used in the examples 
were obtained by restriction digestion with the enzymes Kpnl and Sail. Transgenic 
mice were generated as described by (Hogan, Manipulating the Mouse Embryo 
(1994), Cold Spring Harbor Laboratory Press, New York). Fertilized oocytes were 
isolated from superovulated C57BL/6 x C3H/He F1 mice, microinjected and 
reimplanted into pseudopregnant females of the same hybrid-mouse strain. Mice 
were sacrifized at day 10.5 or 11.5 of gestation, and embryos were analyzed by 
whole mount LacZ staining for transgene expression. The embryos to be examined 
were isolated on day 10 after reimplantation of the injected oocytes. Analysis of the 
transgenic embryos revealed that although promoter activity could be detected, 
none of the constructs was capable of conferring reproducible expression of the 
reporter gene in the endothelium. 

Example 4: Functional characterization of the Flk-1 intron in vivo 

After analysis of the Flk-1 promoter region from -4.1 kbp to +299 Bp the intron which 
was identified in vitro was then examined for its function in vivo. For this purpose, a 
construct similar to that shown in Figure 3 was used which contained an Flk-1 
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promoter fragment ranging from nucleotide -4100 to base pair +299 and the intron 
enhancer (3'-ln1, cf. Fig. 4A). The staining and fixation of the embryos was 
performed as follows: The mid-day of the plug observation was counted as E0.5. 
The embryos were dissected out in ice-cold PBS and fixed in ice-cold 2 % (w/v) 
paraformaledehyd, 2 mM MgCI 2 , 2 mM EGTA, 0.1 M Pipes buffer, pH 6.9 for 15 to 
120 minutes. The embryos were rinsed with PBS three times for 5 minutes each. 
The LacZ expression was detected by incubating the embryos at 30 °C overnight in 
0.1 % X-gal (5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside), 5 mM potassium 
ferricyanide, 5 mM potassium ferrocyanide 5 mM, 1 to 2 mM magnesium chloride, 
0.002 to 0.02 % NP-40, 0.01 % or 0.25 mM sodium deoxycholate, PBS, pH 7.0. 
After the staining, embryos were rinsed in PBS and postfixed at 4 °C overnight in 2 
% paraformaldehyde, 0.1 % glutaraldehyde, PBS, pH 7.0. For whole-mount 
photography, the postfixed embryos were rinsed in PBS and equilibrated for 3 
minutes each in (optionally 30 %) 50 % glycerol and then in 70 % glycerol. Figure 5 
shows an embryo (embryonic day 10.5) which was isolated after injection of the 
fragment. In Figure 5A a color reaction in vessels of the developing brain can be 
clearly discerned. Also superficial vessels in the body's middle (dorsal) and a 
staining in the liver bud can be observed. Figure 5B shows the dorsal, caudal region 
of the same embryo. It proves that the vessels in both halves of the head were 
stained. 

For an exact localization of the stained cells the embryo was embedded in paraffin, 
cut into slices of 10 ^im and counterstained with neutral red. Cryostat sectioning and 
lacZ staining of organs from postnatal mice was performed as described (Schlaeger, 
1997). 



The results of the histological analysis are shown in Figure 6. It shows pseudo 
transversal cuts of the embryo. In section 6A a staining of the inner lining of the V. 
cardinalis anterior (3) and of other superficial vessels can be seen. Figure 6B 
represents a strong magnification of a section of 6A with the staining of endothelial 
cells within the V. cardinalis anterior. Figure 6C shows a more caudally located 
region. Again, the staining of the V. cardinalis anterior and of superficial vessels with 
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wide lumen and thin walls as well as of vascular structures in the neural tube is 
clearly visible. Also, a staining of the chorda dorsalis (9) can be observed. However, 
in none of the cases a staining of arterial vessels could be observed. 
The subsequent injection of the same fragment lead to a total of eight further 
transgenic embryos which displayed an identical expression pattern albeit in two 
cases of weaker nature. Thus, the intron enhancer exhibited in vivo an effect that 
was even more marked than in vitro. In combination with a promoter fragment which 
on its own had a very variable expression pattern it ensures a reproducible 
expression pattern with clear endothelium specificity, however, covering a 
substantial part of the endogenous Flk-1 expression pattern. 

Example 5: Functional analysis of the introns I and II of the murine FIk-1 gene 
in vivo 

Since the intron enhancer in combination with an Flk-1 promoter fragment displayed 
an endothelium-specific function in transgenic mice covering a substantial part of the 
endogenous expression pattern, the further search for in vivo relevant, gene 
regulatory elements was extended to other intron regions. For this purpose, the 
construct containing the promoter region between nucleotides -4100 to +299 and the 
first 6.5 kbp of the transcribed region (ln1+2; cf. Fig. 4) was used. Figure 7 shows an 
embryo on embryonic day 10.5 which was obtained after injection of this fragment. 
Again, a staining of the vessels in the developing brain as well as superficial vessels 
the of the liver bud was visible. The following injections yielded four further 
transgenic embryos which displayed the same pattern. A combination of the 
promoter region used with only the 5' end of the first intron (5'-ln1; cf. Fig. 4), 
however, yielded no endothelium-specific expression pattern. 
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Example 6: Combination of the intron enhancer with the Flk-1 promoter 
fragment that was the most potent in vitro 

To investigate whether the repressing elements of the murine Flk-1 promoter 
between nucleotides -4100 and -640 are functional also in combination with the 
intron enhancer, a shorter construct without these inhibitory regions was used for 
further analysis. It contain the intron enhancer (3'-ln1) and the 5* region from base 
pair -640 to nucleotide +299. This 5 1 region displayed the highest activity in vitro. 
Figure 8 shows three transgenic embryos (embryonic day 10.5) which were obtained 
after injection of the fragment. All three display a more marked staining in vascular 
structures than the embryos analyzed so far. While the embryo on the right hand 
shows a weak staining, the left-hand embryo yields a very strong expression in 
virtually all vessels. The embryo in the middle holds a medium position as regards 
the completeness of its expression pattern, i.e., it lacks expression in the heart 
although it resembles strongly the embryo on the left hand as regards the staining of 
the other structures. In Figure 9A the left-hand embryo from Fig. 8 is shown in more 
detail. The strong staining of the heart in the region of the atrium and ventricle is 
particularly clearly visible. Furthermore, the vessels of the developing brain, the 
vessels between the somites, the aorta dorsalis as well as the fine capillary plexus 
on the body's surface are stained. Figure 9B shows a sectional magnification of 9A. 
Here, the staining of the vessels in the head region as well as the expression in the 
superficial capillary plexus is visible. In Figure 9C the same embryo is shown from 
the other side. In addition to the structures described in Figure 9A also a staining of 
the chorda dorsalis can be observed. 

The embryo shown in Figure 9 was embedded in paraffin and cut to slices. The cuts 
dyed with neutral red are shown in Fig. 10. Figure 10A shows a pseudo transversal 
cut through the head region. Particularly prominent is the branching of the A. carotis 
interna (4) in addition to the staining of other vascular structures. Figure 10B 
represents a magnification of a similar cut; here, too, the branching of the A. carotis 
interna is particularly striking. Figure 10C shows a more caudal cut which in terms of 
its position roughly corresponds to the cut shown in Figure 6A. Here, however, in 
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addition to the staining of the V. cardinalis anterior (6) an expression in the 
branching of the A. carotis interna (4) and other vascular structures is visible. Figure 
10D represents an even more caudally located region. A staining in the venous 
endothelium (V. cardinalis posterior, 9) and in the arterial structures (aorta dorsalis, 
10) can be observed. Furthermore, the endocardium of the atrium as well as the 
vessels in the trabeculae of the heart ventricles display an expression. 
A total of seven transgenic embryos was analyzed after injection of this fragment (- 
640 bp/+299 bp/3'-ln1). Safe for one which showed no staining, all embryos 
displayed an expression of the B-galactosidase in endothelial structures. The 
staining was regularly more marked than in combination with the negative regulatory 
elements between nucleotides -4100 and -640. Thus, the in vitro identified regions 
displayed a function in vivo. The deletion of these negative regulatory elements 
yielded a construct that lead to a reproducible expression in venous and arterial 
endothelium. 

Example 7: Endothelium-specific expression mediated by Flk-1 regulatory 
sequences in vivo 

When the Flk-1 promoter fragment with the strongest in vitro activity (-640 bp/+299 
bp; Ronicke, supra) was tested in combination with the 2.3 kbp Xhol/BamHI 
fragment of the first intron that showed endothelium-specific activity in vitro (3-ln1; 
+1677 bp/+3947 bp; see Example 6), a reproducible vascular lacZ expression in 
transgenic E10.5 mouse embryos derived from foster mothers was observed (Table 
III). In these embryos, the lacZ reporter gene was expressed in developing vascular 
structures, such as capillaries in the head region, intersomitic vessels, the dorsal 
aorta, and in the heart anlage (Fig. 1 1A). Sectioning of these embryos confirmed 
that the p-galactosidase protein was confined to vascular endothelium. This in vivo 
analysis demonstrated that the intron sequences in combination with the Flk-1 
promoter confer an endothelium-specific expression pattern that closely resembles 
the expression pattern of the endogenous Flk-1 gene (Millauer, 1993). Moreover, the 
intron fragment could also direct endothelial cell-specific lacZ expression when used 
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in an inverted orientation in the reporter construct (Construct -640 bp/+299 
bp//+3947 bp/+1677 bp; see Table III). 

Table III. Summary of the in vivo activity of different flk-1 constructs 



Construct 


TG 


ES 


ET 


NO 


-4100/+299 


11 


0 


3 


8 


-1900/+299 


31 


1 


10 


20 


-640/+299 


3 


0 


1 


2 


-640/+299 // 3'lntron +1677/+3947 


7 


6 


0 


1 


-640/+299 // 3'lntron +3947/+1677 


4 


3 


1 


0 


-640/+299// 3'lntron +3437/+3947 


7 


5 


0 


2 


-640/+254 // 3'lntron +1677/+3947 


12 


8 


1 


3 


tk // 3Mntron +1677/+3947 


15 


3 


0 


12 


-5500/+299 // Intron l+ll 


3 


2 


0 


1 



Embryos transgenic for the constructs given above were generated, and LacZ 
staining and genotyping was performed at E10.5 or E11.5 as described in Example 
4. Constructs are defined by the position of the promoter or intron fragments in bp 
relative to the transcription initiation site of the endogenous Flk-1 gene. TG, number 
of transgenic embryos; ES, number of embryos showing endothelial-specific 
staining; ET. number of embryos showing ectopic staining; NO, number of embryos 
showing no staining at all. 



Transgenic mouse lines were generated with this reporter gene construct (-640 
bp/+299 bp//+1677bp/+3947bp) containing the Flk-1 regulatory sequences. One of 
these lines (2603) showed a complete vascular expression of the reporter gene at 
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E11.5 and was analyzed further (Fig. 11B). Sectioning of p-galactosidase stained 
E11.5 transgenic embryos revealed that reporter gene expression was confined to 
the endothelium of blood vessels, e.g. in the endothelium of the dorsal aorta (Fig. 
11D), in venous vessels (Fig. 11E) and in the perineural vascular plexus and 
sprouting capillaries invading the neural tube (Fig. 11F). To determine whether 
transgene expression in this mouse line reproduced the complete expression pattern 
of the endogenous Flk-1 gene, the lacZ staining pattern of these embryos was 
compared to heterozygous Flk-1 mutant mouse embryos which express the /acZ 
gene from the endogenous Flk-1 locus (Shalaby, Nature 376 (1995), 62-66). In 
these knock-in mice, the lacZ gene was inserted into the endogenous Flk-1 locus via 
homologous recombination and is therefore expected to reproduce the expression 
pattern of the endogenous Flk-1 gene (Shalaby, 1995). The lacZ staining pattern of 
transgenic embryos and the knock-in embryos at E11.5 was indistinguishable (Fig. 
1 1B.C). It is concluded from these data that the -640 bp/+299 bp promoter region of 
the Flk-1 gene and the 2.3kbp Xhol/BamHI fragment of the first intron contain 
regulatory elements that are sufficient for endothelial-specific gene expression in 
developing mouse embryos. 

Example 8: The first intron of the Flk-1 gene contains an autonomous 
endothelium-specific enhancer 

To assess the role of the 2.3 kbp Xhol/BamHI fragment of the first Flk-1 intron in 
endothelium-specific gene expression, it was further investigated whether the intron 
sequences can confer endothelium-specific expression to the heterologous herpes 
simplex virus-thymidine kinase (tk) promoter. This promoter has no intrinsic 
endothelial cell specificity (Schlaeger, 1997). A /acZ reporter gene construct was 
generated that contained the tk promoter, in combination with the 2.3 kbp 
BamHI/Xhol fragment of the first intron (+1677 bp/+3947 bp). The tk promoter 
sequences were amplified from the plasmid ptkSDKIacZ (Schlaeger, 1997) using 
oligonucleotides tk5' (5 , -CCGGTACCCAAACCCCGCCCAGCGTCTTG-3 , ; SEQ ID 
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NO: 16) and tk3' (5'-CCGACAAGCTTGGTCGCTCGGTGTTCGAGG-3'; SEQ ID NO: 
17). The PCR product was digested with Kpnl and Hindlll. 

From the p-galactosidase reporter construct described in Example 2 (Fig. 2), Flk-1 
promoter sequences were exised and removed by Kpnl and Hindlll digestion. The tk 
promoter was then subcloned in the Kpnl and Hindlll restriction sites of the vector. 
Transgenic mouse embryos generated with this construct showed vascular reporter 
gene expression (Fig. 11G). The p-galactosidase staining observed in these 
embryos was weaker than in embryos expressing /acZ under the control of the -640 
bp/+299 bp Flk-1 promoter in combination with the intron fragment (Fig. 11A.B). 
Also, the frequency of transgenic mouse embryos expressing this transgene was 
significantly reduced, when compared with constructs driven by the -640 bp/+299 bp 
Flk-1 promoter in combination with the intron fragment (Table III). This indicates that 
the tk promoter lacks positive acting elements which are present within the Flk-1 
promoter. However, these results show that the Flk-1 intron fragment alone, in 
contrast to the Flk-1 promoter, can reproducibly target reporter gene expression to 
the endothelium. Taken together, the results of both the in vitro an in vivo 
experiments in this study demonstrate that sequences located in the first intron of 
the mouse Flk-1 gene act as an autonomous endothelium-specific enhancer. 
In order to further characterize the minimal intron sequences that are required for 
endothelium-specific expression, we analyzed whether shorter intron fragments 
were also active in combination with the 939 bp promoter region of the Flk-1 gene (- 
640 bp/+299 bp). By this deletion analysis, the intron enhancer was localized to a 
510 bp Swal/BamHI fragment (+3437 bp/+3947 bp) which is located immediately 
upstream of the second exon. This fragment was sufficient to stimulate endothelium- 
specific lacZ expression in transgenic mouse embryos (Fig. 11H. Table III). The DNA 
sequence of this fragment (Fig. 12) contains potential binding sites for the GATA 
and Ets transcription factors, and for Scl/Tal-1, all of which have been implicated to 
play a role in angiogenesis (reviewed by Risau, Nature 386 (1997), 671-674). 
Whether these consensus sequences represent functional transcription factor 
binding sites remains to be determined. 
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Example 9: Flk-1 regulatory sequences target endothelium-specific transgene 
expression throughout development 

To test whether the regulatory sequences of the Flk-1 promoter and enhancer 
identified can reproduce the endogenous Flk-1 expression pattern throughout 
development, the /acZ expression pattern of the transgenic mouse line 2603 (Fig. 
11B) was further analyzed at various stages of embryonic development and at 
postnatal days 5 (P5) and 120 (P120). In this mouse line, the transcription of lacZ is 
driven in combination by the -640 bp/+299 bp Flk-1 promoter and the 2.3 kbp 
BamHI/Xhol intron enhancer fragment. The earliest stage during which transgene 
expression was detectable by whole mount LacZ staining was in E7.8 embryos (Fig. 
13A). This is the earliest stage that was examined. The analysis of sections of these 
embryos confirmed that the transgene was expressed in angioblasts of the allantois 
and the yolk sac (Fig. 13B.C). Moreover, transgene expression was restricted to the 
vascular endothelium at all stages of embryonic development examined. To 
determine if the transgene expression persists after birth, we performed lacZ 
staining of cryostat sections from several different organs of P5 and P120 transgenic 
mice. Strong LacZ staining was detected in vessels of the spleen, kidney, thymus, 
liver and lung from P5 animals (Fig. 13D-H). However, /acZ expression was 
downregulated in most vascular beds of P120 animals, as is the case for the 
endogenous Flk-1 (Millauer, 1993; Kremer, Cancer Res. 57 (1997), 3852-3859). 
Taken together, these results support the conclusion that the identified Flk-1 
regulatory sequences (the 939 bp promoter in combination with the intron enhancer) 
are sufficient to reproduce most, if not all, properties of the endogenous Flk-1 
expression. 

Example 10: The 5'-UTR of the Flk-1 gene is required for expression of Flk-1 in 
the yolk sac vasculature 

In Flk-1/lacZ knock-in embryos, the lacZ gene is under control of all endogenous 
regulatory elements except for the regions from bp +137 to bp +299 in the 5*-UTR 
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and approximately the first 600 bp of the first intron (Shalaby, 1995). It has been 
shown in accordance with the present invention that the intron sequences deleted in 
the knock-in construct created by Shalaby (1995) are not required to generate the 
strong and complete endothelial-specific reporter gene expression which is mediated 
by the Flk-1 regulatory sequences described in this study (Fig. 11B and Table III). 
However, since the complete Flk-1 5'-UTR is present in the reporter gene construct 
which directs the most complete vascular-specific /acZ expression (-640 bp/+299 
bp//+1677 bp/+3947 bp; Fig. 1 1 B and Table III), it allows to study the consequences 
of a partial 5'-UTR deletion on Flk-1 expression in vivo: Genomic DNA was prepared 
from unstained embryos or yolk sacs. Genotyping was performed by PCR analysis 
using the primer pairs -258fw/LacRev or LacZP1/LacZP2. Primers for PCR analysis 
were: -258fw: S'-ATGGTACCCAGGTTGCTGGGGGCAG-S' (SEQ ID NO: 12); 
LacRev: 5-TGGTG CCG GAAACC AGG C AAA-3' (SEQ ID NO: 13); LacZPI: 5'- 
ATCCTCTG CATG GTCAGGTC-3' (SEQ ID NO: 14); LacZP2: 5'- 
CGTGGCCTGATTCATTCC-3' (SEQ ID NO: 15). The complete vascular staining of 
the Flk-1/lacZ knock-in embryos at E11.5 indicates that the 5'-UTR is not essential 
for vascular expression in the embryo proper. However, the yolk sac staining pattern 
of Flk-1/lacZ knock-in embryos and of transgenic mice from this study that harbored 
constructs containing the complete 5'-UTR were markedly different (Fig. 14A-C). The 
uniform vascular /acZ expression in the transgenic yolk sacs from this study (Fig. 
14A, B) was absent in small vessels of the yolk sacs of the knock-in embryos (Fig. 
14C), in which only large yolk sac vessels were stained. In addition, it was found that 
replacement of the entire Flk-1 promoter including the 5'-UTR by the tk promoter in 
the present transgenic construct (Table III) leads to a similar /acZ expression pattern 
in the yolk sacs as that described in the yolk sacs of the Flk-1/lacZ knock-in 
embryos. Thus, the 5'-UTR might be involved in specifying Flk-1 expression in a 
subset of endothelial cells. 
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Example 11:The role of HIF-2a in Flk-1 regulation 

The Flk-1 promoter (-640 bp/+299 bp) confers endothelium-specific expression to 
the firefly luciferase reporter gene in transfected bovine aortic endothelial cells 
(Ronicke, 1996) and provides for a strong reporter gene transcription in vivo; see 
Examples 6 to 10. This suggests that transcription factors that are specifically 
expressed in endothelial cells activate the Flk-1 promoter in a cell-type specific 
manner. 

The basic helix-loop-helix PAS-domain transcription factor, HIF-2a (also known as 
HLF, HRF or EPAS1), is expressed in endothelial cells during mouse embryonic 
development (Ema, Proc. Natl. Acad. Sci. USA 94, 4273-4278, 1997; Flamme, 
Mech. Dev. 63 (1997), 51-60; Tian, Genes Dev. 11 (1997), 72-82) and is thus a 
candidate to regulate Flk-1 expression. HIF-2cc has previously been shown to 
stimulate both the expression of VEGF (Ema, 1997) and Tie2 (Tian, 1997). To 
determine if HIF-2a might be involved in the regulation of Flk-1 gene expression, 
A293 cells were co-transfected with a luciferase reporter gene construct containing 
Flk-1 promoter sequences (-640 bp to +299 bp) and an eukaryotic expression vector 
that contained the mouse HIF-2a cDNA. Mouse HIF-2a and HIF-1a cDNAs were 
obtained from a mouse brain capillary endothelial cell cDNA library (Schnurch, 
Development 119 (1993), 957-968) with a 300 bp BamHI/Ncol fragment spanning 
the 5*UTR of HIF-1a. Positive phages were rescreened, and inserts were amplified 
by PCR using oligonucleotides HIF Start: (5'-G GG AATTCACCATG 
AGTTCTGAACGTCGAAAAG-3'; SEQ ID NO: 18) and HIF Flag Stop: (5'- 

AAGCGGCCGCTCATTTATCGTCATCGTCCTTGTAATCGTTAACTTGATCCAAAG 
CTCTG-3'; SEQ ID NO: 19). The PCR product was digested with Eco Rl and Notl 
and subcloned in the EcoRI and Notl restriction sites of pcDNA3 expression vector. 
The murine HIF-2a cDNA was obtained as described (Flamme, 1997). The phage 
insert was amplified by PCR using oligonucleotides HRF START (5'- 
GGGAATTCACCACAATGACAGCTGACAAGGAG-3'; SEQ ID NO: 20) HRF rev (5'- 
AAGCGGCCGCTCATTTATCGTCATCGTCCTTGTAATCGTTGGTGGCCTGGTCCA 
GAGCTCTGAG-3'; SEQ ID NO: 21) and PCR product was digested with EcoRI/Notl 
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and cloned into the EcoRI and Notl sites of pcDNA3. The sequence encoding the 
FLAG epitope was included in the reverse oligonucleotide primer. HIF-2a and HIF- 
1a expression plasmids were constructed by inserting the FLAG-tagged cDNAs into 
the EcoRI and Notl sites of pcDNA3 (Invitrogen). For co-transfection assays, A293 
cells were split 1:2 into 35 mm dishes and transfected 18 hours later with 4 ng of 
DNA (2 ng of Flk-1 promoter-driven luciferase plasmid, 1 ug of CMV promoter-driven 
P- 

galactosidase expression plasmid, and 1 jig of the HIF-2a or HIF-1a expression 
plasmids, or pBluescript SKII and pcDNA3 as a control) using a transfection kit 
(MBS, Stratagene). After 20 hours, reporter gene activity measurements were 
performed using the Dual Light Kit (Tropix, Bedford, MA). The luciferase activity of 
each extract was normalized to the respective p-galactosidase activity. Endogenous 
background levels of both enzyme activities were measured using extracts from 
mock-transfected cells and were substracted. The normalized luciferase activity of 
the control transfection was arbitrarily set to 1. Each value represents the average of 
at least six experiments. 

In comparison to cells transfected with the luciferase reporter construct alone, co- 
transfection of the HIF-2a construct increased reporter gene activity approximately 
15-fold (Fig. 15). In contrast, HIF-1a , a close relative of HIF-2 which stimulates the 
hypoxia-induced transcription of the VEGF gene, failed to stimulate the reporter 
construct (Fig. 15). These results suggest that HIF-2a regulates the expression of 
the Flk-1 gene. 

Summary 

The mouse Flk-1 receptor is crucial for the differentiation of the hemangioblastic 
lineage and during embryonic vascular development (Risau, Annu. Rev. Cell Dev. 
Biol. 11 (1995), 73-91; Shalaby, 1995; Risau, 1997). Moreover, Flk-1 plays a central 
role in the regulation of neovascularization in a wide variety of tumors (Plate, Brain 
Pathol. 4 (1994) , 207-218; Ferrara, 1996). To elucidate the basis of its endothelial 
expression, regulatory sequences of the murine Flk-1 gene have been isolated and 
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characterized that confer endothelium-specific reporter gene expression in 
transgenic mouse embryos. Transgene expression driven by these sequences was 
strong, specific, and highly reproducible. Most importantly, it has been demonstrated 
that the isolated sequences were active in early stage vascular development and 
may thus represent a clue towards the identification of the molecular mechanisms 
involved in hemangioblast differentiation and vasculogenesis. Moreover, transgene 
expression persists until shortly after birth and is downregulated in adult animals, as 
it was described for the endogenous Flk-1 gene (Millauer, 1993; Kremer, 1997). 
Endothelium-specific expression in almost all transgenic mouse embryos tested was 
mediated by a 939 bp fragment of the promoter region in combination with a 
fragment of the first intron. 5-flanking fragments up to -5.5 kbp alone were not 
sufficient to confer a reproducible endothelium-specific transgene expression. 
Reproducible endothelium-specific expression was therefore dependent on 
sequences from the first intron. These sequences also activated the heterologous tk 
promoter specifically in endothelial cells in vivo, and were active in an orientation 
independent manner. Thus, they fulfill the criteria for an autonomous tissue specific 
enhancer. 

As demonstrated in Example 8, the intron sequences that were sufficient for 
endothelium-specific expression were contained in a 510 bp fragment. Several 
potential binding sites for known transcription factors could be identified therein (see 
Figure 12), including consensus binding sites for c-ets1, PEA3 (an Ets-like 
transcription factor), GATA transcription factors, and Scl/Tal-1. The c-ets1 
transcription factor was proposed to be involved in the early differentiation of 
endothelial cells from their precursors (Pardanaut, Cell Adhesion and 
Communication 1 (1993), 151-160). In addition, c-ets1 is expressed in endothelial 
cells during tumor vascularization and other forms of angiogenesis in humans 
(Wernert, Am. J. Pathol. 140 (1992), 119-127). Proteins of the Ets family can 
activate transcription through a PEA3 motif (Wernert, 1992). Transcription factors of 
the GATA family are involved in the transcription of genes that are expressed in the 
hematopoietic and endothelial lineages, such as von Willebrand factor (Jahroudi, 
Mol. Cell. Biol. 14 (1994), 999-1008). Unlike the hematopoietic-transcription factor 



WO 98/55638 52 PCT/EP98/03318 



GATA-1, GATA-2 is expressed in both the endothelial and hematopoietic lineages 
(Elefanty, Blood 90 (1997), 1435-1447). Scl/Tal-1 has recently been implicated in the 
regulation of Flk-1 expression in Zebrafish (Liao, Genes Dev. 12 (1998), 621-626). 
The presence of two potential Scl/Tal-1 binding sites in the murine Flk-1 intron 
enhancer suggests that Scl/Tal-1 might regulate Flk-1 expression in mice. However, 
no direct effect of Scl/Tal-1 on Flk-1 expression has been observed so far in mice, 
although Scl-null mice have vascular defects (Visvader, Genes Dev. 12 (1998), 473- 
479). 

Recently, analyses of the regulatory elements of other endothelium-specific genes 
such as von Willebrand factor (Aird, Proc. Natl. Acad Sci .USA. 92 (1995), 4567- 
4571), c-ets-1 (Jorcyk, Cell. Mol. Biol (Noisy-le-grand) 43 (1997), 211-225) or the 
endothelial receptors, Tie1 (Korhonen, Blood 86 (1995), 1828-1835) and 77e2 
(Schlaeger, Development. 121 (1995), 1089-1098; Schlaeger, 1997) have been 
reported. The most uniform expression pattern reported was conferred by regulatory 
elements of the Tie2 gene. However, in contrast to Flk-1, expression of 77e2 and of 
reporter genes driven by 77e2 regulatory sequences is not downregulated in adult 
animals. Such as in the Flk-1 gene, the first introns of the Tie2 gene and of the Ets-1 
gene are involved in endothelium-specific expression. Similar to the Flk-1 intron 
enhancer, the first intron of the Tie2 gene also contains an autonomous endothelial 
specific enhancer. A major difference between the structural organisation of the 
regulatory elements of the Flk-1 gene and the 77e2 gene is, however, that the Tie2 
promoter by itself is active in certain embryonic blood vessels (Schlaeger, 1 995). At 
least during the developmental stages analyzed (i.e. E10.5 and E11.5) an 
autonomous function of the Flk-1 promoter was not observed. The intronic 303 bp 
Tie2 core enhancer also contains potential binding sites for transcription factors of 
the Ets and GATA families (Schlaeger, 1997), and c-ets1 or PEA3 binding sites are 
present in the promoters of 77ef, 77e2 and Flt-1 (Korhonen, 1995; Schlaeger, 1995; 
Wakiya, J. Biol. Chem. 271 (1996), 30823-30828). 

Analysis of Flk-1/lacZ knock-in mouse embryos that express the /acZ gene from the 
endogenous Flk-1 locus has previously shown that the /acZ reporter gene is 
expressed ubiquitously in the developing intra-embryonic vasculature and the yolk 
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sac of E7.5 embryos (Shalaby. 1995). However, in accordance with the present 
invention it was found that a fragment of the 5' UTR that is deleted in the knock-in 
construct is required for reporter gene expression in the yolk sac vasculature during 
later stages of embryonic development. Based upon transient transfection analyses 
in bovine aortic endothelial cells, the Flk-1 5'-UTR has been shown to contain a 
positive acting, endothelial cell-specific element between nucleotides +136 and +299 
(Ronicke, 1996). The complete vascular staining of the Flk-1 llacZ knock-in embryo 
proper at E11.5 demonstrates that the 5'-UTR is not essential for intraembryonic 
vascular expression at this developmental stage. 

The involvement of HIF-2oc in the regulation of Flk-1 expression further emphasizes 
the role of basic helix-loop-helix/PAS-domain transcription factors in the regulation of 
components of the VEGF signal transduction system and of vascular development. 
The upregulation of VEGF in response to hypoxia is generally thought to be 
mediated by HIF-1. Moreover, mouse embryos lacking functional genes for HIF-1a 
or ARNT show defects in vascular development, perhaps due to reduced VEGF 
levels (Maltepe, Nature 386 (1997), 403-407; Iyer, Genes Dev. 12 (1998), 149-162). 
This observation indicates that the physiological relevance of these transcription 
factors is not restricted to adaptation to hypoxia, but extends to the regulation of 
normal vascular development. HIF-2a is expressed in various tissues, including the 
developing endothelium of several organs, for example in the brain (Flamme, 1997). 
It seems therefore likely that HIF-2a is involved in the regulation of Flk-1 expression 
in blood vessels that co-express HIF-2a and Flk-1. Interestingly, HIF-2a is also 
expressed in tissues that express the Flk-1 receptor ligand, VEGF, and has been 
shown to stimulate VEGF expression (Ema, 1997). Taken together, these 
observations support the hypothesis that HIF-2cc is both an intrinsic and extrinsic 
regulator of blood vessel growth and function (Flamme, 1997), by stimulating both 
receptor and ligand expression. The expression of VEGF and Flk-1 shows a 
remarkable coordinate temporal pattern both in development and in tumors. For 
example, VEGF and Flk-1 are expressed transiently in the developing mouse brain, 
and are largely down-regulated in the adult, but reactivated in brain tumors (Plate, 
1994). In hemangioblastomas of the brain, which are highly vascularized tumors. 
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both the VEGF and Flk-1 expression are highly up-regulated, and this correlates with 
the up-regulation of HIF-2a expression in the stromal cells of this tumor type. 
Whether HIF-2a contributes to the remarkably coordinated expression of VEGF and 
Flk-1 in other tumor types, remains to be established, since for example in 
glioblastomas - another cerebral tumor - up-regulation of VEGF is due to hypoxia, 
and HIF-2a is inducible by hypoxia. Unlike the expression of VEGF and Flt-1, Flk-1 
expression is not directly stimulated by hypoxia (Gerber, J. Biol. Chem. 272 (1997), 
23659-23; Kremer, 1997). Thus, the primary function of HIF-2 in the regulation of 
Flk-1 expression does not appear to be related to the hypoxia response. 
Among the endothelial RTK identified thus far, Flk-1 is the only receptor whose 
function is required for the determination of the endothelial lineage. Therefore, the 
Flk-1 gene represents the ideal candidate for studying the transcriptional regulatory 
mechanisms that are active during the emergence of the endothelial lineage. The 
observation that the isolated regulatory elements of the Flk-1 gene are active in early 
stage vascular development are of great importance for this objective. Knowledge of 
the Flk-1 gene regulatory sequences is also of great potential relevance in the 
therapy of certain diseases. The Flk-1 receptor has been demonstrated to be a key 
regulator of angiogenesis in various diseases, including cancer (Plate, 1994). 
Therefore, the study of the regulatory elements involved in the upregulation of Flk-1 
expression in the tumor endothelium appears to be particularly relevant for studying 
the mechanisms of tumor angiogenesis. Further studies will unravel whether the 
same regulatory elements of the Flk-1 gene that confer endothelium-specific 
expression in mouse embryos are also active in the tumor vasculature. Flk-1 gene 
regulatory elements active in the tumor vasculature may provide information about 
the signaling pathways that can be targeted for anti-angiogenic tumor therapy. 
Finally, the Flk-1 gene regulatory elements will be useful for targeting expression of 
genes to the vasculature. An attractive possibility is the expression of suicide genes 
(Ozaki, Hum. Gene Ther. 7 (1996), 1483-1490) under the control of these elements. 
The use of the Flk-1 gene regulatory elements in combination with, e.g., the 
Cre/loxP system may provide a powerful tool for specifically inactivating genes in the 
developing vasculature or in tumor endothelium. 
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The present invention is not to be limited in scope by its specific embodiments 
described which are intended as single illustrations of individual aspects of the 
invention and any DNA molecules, or vectors which are functionally equivalent are 
within the scope of the invention. Indeed, various modifications of the invention in 
addition to those shown and described therein will become apparent to those skilled 
in the art from the foregoing description and accompanying drawings. Said 
modifications intended to fall within the scope of the appended claims. 



